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Traditional agriculture in India is among the oldest and 
one of the most advanced in the history of the world. It 
has proved its sustainability over the millennia, and rates 


high in all aspects of total productivity, self-reliance, 
diversity, and the depth of its indigenous kuowledge. 


This is an immensely important book. Winin Pereira 
lucidly summarises here a wealth of information and 
ideas from voluminous documentation collected and 
analysed over more than 25 years. The holistic 
perspective that is presented is brilliant, inspiring, and 
very readable. Anyone who nurtures hope for the future 
of the earth and her inhabitants must read it, The 
wisdom and innovativeness of traditional farming and 
culture are the best guide we have to regaining the path 
to sustainability, justice and sanity. 
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Preface 


All of us are affected by the sustainability or unsustainability of 
farming, since we all depend on farmers for our food, clothing and 
many other products. 

The large quantity of literature on this topic makes it impossi- 
ble to keep up with what others are writing and thinking, even if 
one could afford to buy it all. Some of the ideas discussed may 
therefore have been published previously without acknowledge- 
ment here, for which the author apologizes. 

The first chapter deals with the questions of sustainability and 
justice, giving criteria by which to judge the different agricultural 
and development systems. The next briefly discusses the tradi- 
tional culture that supported Indian agriculture, while the third 
deals with the Western counterpart. The fourth chapter discusses 
the diversion of food which themodern system now promotesand, 
strictly speaking, does not belong in this book; ithasbeen included 
because agriculture itself cannot be made sustainable if the uses to 
which its products are put are unsustainable. 

The following three chapters describe agricultural practices 
used ina small region on the country, and in specific crops, rice and 
cotton. The rest of the book deals with the basic resourcesavailable 
for agriculture and the technology developed to use them 
sustainably. 

One problem with dealing with a subject holistically, is that 
it cannot be conveniently chopped into chapters. This must result 
in innumerable repetitions or in continuous reference to other 
chapters. An attempt has been made to keep both of these to a 
minimum. 

The traditional information given here is only a tiny fraction of 
whatis available, with still more not collected and collated as yet. 
Readers are invited to share with us whatever they have. 


This hook isaddressed to farmers, activists and othersinterest- 
vel in a just and sustainable agricultural system. Hence the lan- 
);laye Is kept as simple as possible, with technicalities reduced to 
tininan, 


Chapter 1 


Agriculture, Sustainability & Justice 


The debate on sustainable agriculture has arisen because there is 
considerable uneasiness and disquiet about what Westernized 
agriculture is doing to the planet's environment.’ On the other 
hand, agriculture is itself affected by other aspects of society, 
including its cultural and economic values. Development systems 
have to be looked at as a whole since one cannot have sustainable 
agriculture without a sustainable development system. 

It will beshown that the Indian traditional agricultural system 
has proved itself sustainable. Many of the practices developed 
centuries ago, by farmers themselves, not by agricultural “ex- 
perts”, are still in use today. More important, the culture that 
promoted such farmer experimentation still exists, in spite of the 
pressures of the Western system to destroy it. Thus, new sustain- 
able practices are being researched and thase that have been lost 
because of external pressures, not because of inherent 
unsustainability, could be revived. Such an agricultural system 
could provide the basic essentials, even for a growing population, 
though not, naturally, the superfluous wants which the Western 
system promotes. 


A particular culture can be considered as a whole system of 
knowledge, of a way of understanding the complexity of the 
natural world so that rules can be laid down which lead to the 
attainment of the aims that society has set itself. Culture deter- 
mines what sort of knowledge is transmitted from generation to 
generation, which innovations are to be encouraged, to whomand 
how the accumulated and new knowledge has to be spread and 
what restraints have to be put on its use. 

The knowledge, understanding and rules of a sustainable 
culture should have the aim of preserving that society. Such a 
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culture effectively serves to maintain a production system that 
scrvesitsmembers, while not endangering the environment. Ajust 
culture aimsatserving all its members equally, notonly materially 
but alsohumanely and spiritually, notonly locally but globally not 
only today but for an indefinite future. 


The word “sustainability” has been used in the last few years 
with an increasing multitude of, often inconsistent, meanings. No 
attempt can be made to insist on a single, universally acceptable 
definition now; all that can be done is to define what exactly is 
meant by the term as used here. 

There are several dictionary definitions of the word “sustain”: 
“To keep in being; to cause to continue ina certain state; to keep or 
maintainat the proper level or standard”, [nall these thereisa time 
dimension involved. On a planet with limited resources, consump- 
tion and time for which that consumption rate can be maintained 
are inversely related once a system passes beyond the critical level 
of sustainable resource use. The higher the rate of consumption of 
resources, the less time will the system run before collapsing. Ina 
similar manner, with limited pollution sinks, the faster the rate of 
pollution, the quicker these sinks will be filled. 

Sustainabledevelopment, and agriculture in particular, canbe 
given an even more important role from another set of dictionary 
definitions of “sustain”: “To support life in; to furnish with the 
necessaries of life; to supply a person's need”. This definition is 
important because it requires that agriculture not only produce 
sufficient quantities for the global population's basicneedsbutalso 
that the products be produced ataffordable prices and be available 
to all consumers who need them. It is possible that the constraint 
of high prices — which is already occurring — will be more 
important than a mere insufficiency of food in making Western 
agriculture unsustainable. 

‘This brings in the question of social justice, itself defined in 
several ways. The definition normally used by the West is that of 
equality of opportunity. It is claimed that it is sufficient for 
people to have equality of opportunity to get into schools, so that 
they can getjobsinorder to earn wellenough toaccumulate wealth 
and power, thisbeing their ultimatecriterion of success. Increasing 
the number of people “enjoying” lots of material possessions 
would mean that justice has increased. But with a larger 
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number of such consumers (and hence more justice according 
to their definition), the faster will resources be exhausted and 
pollution levels rise and the less sustainable and just the system. 
becomes. 

‘Consumption and population are inversely related. The larger 
the population the lower the consumption rate that can be sus- 
tained for a given time. A small fraction of the global population 
can prolong the maintenance of their inherently unsustainable 
system by being unjust to the rest of the population. They can 
appropriate the resources orabuse the pollution sinks of the latter 
by physical or economic force. They could go further and eliminate 
whole populations by genocide, direct or indirect. Such “ethnic 
cleansing” followed by the colonial occupation of the annihilated 
populations’ territories was what allowed Western unsustainable 
development to take offin the first place. Without other regions to 
exploit,an unsustainable system would extinguishitself rapidly. A 
system that is unsustainable cannot promote social justice: it 
merely transfers injustice from its own beneficiaries to people in 
other places and other times. 

The term “sustainable development" is being used by the West 
tomean continuous economic growth: growth has tobe sustained, 
the principle “Ever More’. But common sense should make it 
obvious that thisisa physical impossibility. Continuous economic 
growth would perhaps be possible if the global population 
was very small. In the present circumstances it would mean 
eliminating or at least marginalizing most of the world’s popula- 
tion, with economic growth restricted to a powerful few. This is a 
condition that few among the marginalized would voluntarily 
agree to, though there are quite a large number of the affluent 
who are openly saying and behaving as if they believe that they 
have a right to their hyperconsumptive style of life, even if it 
means the impoverishment and death of others. Some actively 
contribute to unsustainability, others have unsustainability thrust 
upon them. 

‘The Western system’s hyperconsumption (defined as any- 
thing above necessities for survival) levels have been achieved by 
increasing injustice, inthe pastand present. Itissimply not possible 
for all the people on the earth to attain the level of “success” that 
the US — the ideal of Western development — has today. The 
Western concept of justice is, therefore, invalid and serves only 
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to lull those who do not benefit from that system into being its 
docile and malleable slaves. Prolonging the system can only be 
accomplished by increasing global injustice, even that of their own 
descendants. 

The West also asserts that the worry about sustainability is 
irrelevant: people have been predicting doomsday for generations 
but it has not yet come and will never arrive, since new Western 
technology will see that it does not even approach. True, dooms 
day has not come for the rich and powerful, but it has come often 
and will come more frequently for the individual and collective 
impoverished, since the former are able to transfer their doom t 
the latter. 


Because the term “sustainability” has been co-opted by the 
Western system to mean “sustainable growth”, there is a need to 
use another word. J C Kumarappa, Mahatma Gandhi's “econo 
mist”, several decades ago defined the term “Economy of Perma 
nence” to describe the more sustainable system he proposed 
Unfortunately, this gives the impression of something static and 
eternal, whereasa truly sustainable system would have toadap1 0 
natural and human-made changes, while all life on earth will 
ultimately perish, even if it happens after millions of years. The 
term “sustainable” will therefore be used butin the sense definod 
here. 

The definition used here for social justice is that of intrayen 
erational and intergenerational equity: all the people of the earth 
now living and all the people to be born in future generations — an 
indefinite number of them, for tens of thousands of years — have 
aright to, atleast, the basic necessities for a reasonably secure and 
comfortable life. The necessities include material needs like food, 

clothing and shelter, as well as non-material ones like self-respect, 
dignity, creativity, health,and education. Anyimprovementinone 
group of people’s development in one region should not produce 
more harm or injustice to other people in the same location or 
elsewhere. A just system must also ensure intergenerational eq 
uity; it must not harm future generations, making their existence 
more difficult than it would otherwise be. Justice demands 
sustainability. 

Justice demands that agriculture must not merely produce 
sufficient food and fibres, and other necessary raw materials, but 
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that these must serve to feed, cl 
Regia ate lotheand house the people —all the 

Injustice also affects sustainability in other ways. Widespread 
and increasing injustice may lead to unrest which may perhaps 
appear under the guise of ethnic, communal or caste riots, desta- 
balzing the agricultural and othersubsystems,hereaswellasin the 

est. 

Still another factor that affects sustainability is security. 
While the physical defence of the country is normally well taken 
care of, the nation should not be exposed to economic or political 
forces which make it subject to unjust control. Ultimately, control 
Over resources should lie with the people whoare affected by their 
use, 

Finally, a sustainable system should be resilient, able to with- 
stand shocks and failures of parts of its systems without the whole 
collapsing or without small shocks leading to a spiral of 
unsustainabililty. An unsustainable system has no stamina to 
withstand the strains and stress of natural or unnatural disasters, 
which makes it inherently unstable. ; 

: Sustainable agriculture, then, is more than a set of agronomic 
Principles or packages of practices which merely have to be 
utilized; these have to be supported by and integrated with an 
entire just and sustainable development system. 

Sustainableagricultural growth is aself-contradiction, too. Yet 
itis necessary to increase the availability of food and other basic 
needs to keep pace with population growth. Apricultureasa whole 
can only grow by the cultivation of mare land and /or by increasing 
productivity, both of which have fundamental limits. However, 
food production and availabilitycan grow toamuch greater extent 
and for a longer period, since land being used for other purposes 
can be reverted to the cultivation of food and other basic necessi- 


ties, with a simultancous reduction of food bein; 
human needs. J pee 


In Sum 

The question that needs to be asked is not “Can an alternative 
apa Poe all that the Western agricultural system provides 
today”, but “What can an efficient, just, icul 

Bc Aan meio just, agricultural system 
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Sustainability requires that no non-renewable resources be 
used, or if used, they must be fully recycled, and that renewable 
resources be used within their regeneration limits. Pollutants also 
have tobe limited to whatthe environmental system can sustainably 
absorb. : 

Justice requires that resources be allocated equitably, even to 
an indefinite number of future generations. Consumption has tobe 
reduced to minimal levels. 

The following chapters will attempt to show how these are 
applied in the traditional Indian and Western cultures, and in the 
agricultural systems in particular. 


Chapter 2 


Traditional Culture & Development 


Human beings are tool-using animals, a characteristic which 
distinguishes them from the rest of the world’s creatures. Howev- 
er, this “distinction” has also been the main contributor to 
unsustainability and injustice. 

Technology is nearly always seen as a blessing, which makes 
people's lives more comfortable, by providing increasing quanti- 
ties of material products and services. But each technological 
“advance” had a price attached to it, mainly environmental, with 
a corresponding reduction of sustainability and justice. 

As the populations of “primitive” hunters and gatherers ex- 
panded, they moved on to new areas, competing and certainly 
eliminating many of the plantsand animalsalready occupying that 
territory. But oncé all the land was sustainably occupied, they 
could only expand by killing off neighbouring tribes. The tribe with 
the better technology — more sophisticated weapons — probably 
won. When they increased their food supply by developing traps, 
spears and bows and arrows, it became easier to obtain food, but 
they also destrayed more of the other creatures occupying the same 
habitat, reducing its biodiversity. 

The stone and metal axes are said to have led to major 
advancements in the life of the people, since they enabled the 
development of carpentry, making ploughs, wheels, boats and 
wooden houses possible. But they also enabled humans to cut 
forests and clear the land for pasture or settled cultivation. M$ 
Randhawa states thatin the Later VedicPeriad (1000 BC to 600 BC), 
“the Aryans cleared the dense jungles of Uttar Pradesh and 
Bihar” with the socketed iron axe and the use of fire. The hard 
clayey soil of Uttar Pradesh and Bihar also required the use of iron 
ploughshares, which “improvement enabled the Aryans to culti- 
vate virgin lands...”." But the “virgin” lands were not barren 


8 Tending The Earth 


landscapes; their cultivation must have resulted in the loss of 
uncountable numbers of all forms of life with the hij:h possibility 
that species were extinguished, too. During, the period 200 BC to 
200 AD, iron technology “progressed” to iron and steel tools and 
weapons.’ 

The replacement of the dibble stick by the plouyh reduced the 
need for weeding butit increased erosionand encourayed monocul- 
tures. Monocultures made it easier to harvest but increased the 
requirements of manures and encouraged pests lo proliferate. As 
cultivation spread, more forestshad tobecleared, furtherreducing 


species diversity. As farmers began to produce more than their 
subsistence requirements, chiefs and rulers bey;an to accumulate 
the surplus, building up cities and armies. And soit wenton, with 
every “improvement” in technology reducing, sustainability and 
increasing injustice. 

The West went on to believe that the power that technology 
gave them indicated that they were specially creatoc! to dominate 
Nature. But the conquest of Nature was always a deeply ambigu- 
ous idea: since human beings are also part of the natural world, 


who is conquering what and whom? 
The West went on todevelopitsunsustainable “hijh" technolo- 


gies, agricultural as well as industrial, among, them the chainsaw, 
thatsymbol of modern environmental destruction, Inia stopped 
at the level of sustainable “low”, but complex, agricultural and 
village industrial technologies. 

The West insists that all non-Europeans were simply not 
clever enough to develop a systematic, rational seience and tech- 


nology which could exploit the available natural resources to 
produce a vast variety of products. But it is also possible that 
Indians developed an understanding of Nature which constrained 
them to limit their use of natural resources and to intentionally 
curb their technology to levels which would not decrease 
sustainability and increase injustice, particularly throujh unem- 
ployment. 

The saga of the journey from axes to chainsaws, dibble sticks 
to200 horsepower tractors, from gathering wild food to “creating” 
new plants through biotechnology, from bows and arrows to 
nuclear weapons, isacclaimed by the West as “The Ascentof Man”. 
But froma holistic point of view, from the Planet Earth's perspec- 
tive, ithas actually been a free fall to early oblivion. From the view 
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of the non-West population ithasbeena descent from freedom into 
domination. 


On the other hand, traditional practices of several groups of 
peoples, in India and outside, stress a reverence for Nature as the 
source of our very life. They imply, perhaps without formal 
statement, that all living creatures, plants and animals, from 
microbes to elephants and whales, have an equal right to life. The 
mineral soil, too, is often considered sacred. Perhaps it was 
realized, perhaps it was not, that technology is an artefact, an 
unnatural product, and the further technology removes human 
beings from Nature, the more damaging to Nature they become. 
Every technical “advance” appears to have made the system 
deviate more from a sustainable state, made it more unstable and 
prone to faster decay and ultimate disaster. It follows, therefore, 
that the technology used must be the simplest 

What was the understanding of the natural world which led to 
the rules developed by the ancicnt Indians which, theoretically at 
least, served the material as well as spiritual needs of its members 
for thousands of years? 

The peoples of the East see their surroundings as part of 
themselves. According to Indian teaching, each individual forms 
part of all other life and non-life, one with the Universe. This 
concept requires respect for all that surrounds us, since the indi- 
vidual self merges with the rest of creation. There is the millennia- 
old belief: “Eko devah sarvabhootheshu tishthati” (One God 
dwells in all living beings). Such a perception must require iden- 
tification and harmony with the rest of creation. 

Inthe Chandogya Upanishad, Svetaketuasks his father:”What 
is that tree?” And his father declares: “That art thou, Thou are 
that”. Then, Svetaketu inquires about the nature of a thought, a 
metal pot, a bird, a goat, a clod of earth, a pool of water, a waft of 
breeze, and the father himself. And to every question from the son, 
the father returns: “Tat twam asi: That art thou”? 

The Mahabharata recommends that people follow a mode of 
living which is founded upon a total harmlessness towards all 
creatures (or in case of actual necessity) upon a minimum of such 
harm. 

TheJaina doctrine of jiva-ajiva underlines “theintegral view of 
life, whereby all things, the living and the non-living, are seen as 
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Parts of a whole —a single order”. Jainism ordains thatdamaging. 
a leaf or a petal is tantamount to violating the divine order. Jain 
practices prohibit the consumption of tubers and other root crops 
since their harvest requires the plants to be uprooted and the soil’s 
creatures harmed. 

The Buddha came to the conclusion that the problems of the 
world were the direct result of the desires and greed of human 
beings. This greed requires much more than basic needs for its 
satisfaction, with the result that not only is society upset but the 
outside environment, too. From this he developed his notion of 
dharma which was based on the close connections between ani- 
mate and inanimate nature, the integration of human beings with 
all the restof creation. If these connections are perceived by us then 
we will exercise the required self-regulation so that all human 
beings can live in harmony with each other as well as. Nature. 

There isan old Chinese saying: If you cuta blade of grass, you 
shake the Universe. The West would consider it a great achieve- 
ment of technology to be able to shake the Universe. 

Injuring any part of the Universe, either by ‘environmental’ 
pollution or by social injustice, damages the violator in the same 
Process. Moreover, by the same reasoning, damaging one’s non- 
human environs, hurts and oppresses other human beings. This 
concept makes the Western notion of “environment” mea ningless, 
The word “environment” is, therefore, used here in the sense of 
including human beings. 

On the non-living side, there is the concept of the Pancha 
Mahabhutas, the five basic elements: prithvi (earth), aap (water), 
tejas (fire or light), vayu (air), akasa (space), Bhutas are living 
beings, creatures. Mahabhutas are prior and superior to living 
beings, since the very existence of the latter is totally dependenton 
them. “All living beings are born and evolve out of the five 
Mahabhutas and in death they go back to them.” The Mahabhutas, 
are the primary natural resources essential for all agriculture. 

A stone today is worn out by erosion, its constituents forming 
soil from which clements are taken upby plants which are, in turn, 
consumed by animals. The stone today could be part of our bodies 
tomorrow. And evenas we live,and when wedie, the elements go 
back into the soil to be cycled and recycled continuously. Water 
and air arerecycled even faster and spread wider. The water from 
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ies can reach theother side of the earthand be incorporated 
ieee else's. The oxygen that we breathe together with pat 
of our food provides energy and becomes carbon dioxide ste Rh. 
exhaled, can again be picked up by plants anywhere onearth. 4 
of us occupy space today which was occupied by other bodies 


i ill be in the future. 

hate the Pe on which so much of the earth’s resources 
become renewable, not only plants and animals but alscr the 
common pool of our human flesh and blood. Those who believe in 
reincarnation have an even stronger impulse to conserve and 
protect the environment, for they themselves will literally inherit 
be Teelaneeor the Mahabhutas by Westernized ue eta 
agriculture, which considers them trivial thingsto be misused . 
abused, must necessarily result in violence to ourselves. For when 
the Mahabhutasare contaminated, the base of life is damaged. es 
what violence industrialism does to the Mahabhutas, by taking tl - 
conquest of Natureas the fundamental datum for Nea 2 
can be seen all over the world. Itiseven more. clear in India, where 
a sustainable civilization has been builton the principles of respect 
for Nature, the use of its creatures and products in a manner ig 
satisfy basic needs, without jeopardizing their continued life an 
Sue ae for whatever grows is shown by people who woul 
willingly walk around a seedling thatcomes up in the a eofe 
pathway rather than uproot it. This can perhaps explain 
winding paths and roads in nearly all rural areas. 


Mere existence causes disharmony, since people need food 
and other basic commodities. This resulted in the principle of least 
interference, where each human being is entitled to take from hes 
hisenvironsonly whatisabsolutely necessary fora simplelifesty! le. 
Aholistic outlook helps tosee the effects of Pees 
in other areas, but when one accepts harmony with Nature as the 
ideal, then even the need to discern interconnections or to experi- 
ment with a particular interfering practice to see if it does ite 
does not arise. It is accepted that all interference will inevitably 
produce harm, even if such harm is not immediately visible. 

‘The respect for Nature led to an accent on simple lifestyles, 
which limited the consumption of renewable resources to what 
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the first place. There was no need to raise the alarm here because 
a simple lifestyle has been preached and practised for thousands 
of years, and is still being practised, voluntarily or not, by the 
majority of the population. 

Much misunderstanding results from the view that traditional 
cultures are or should be static archaeological museum pieces, 
whereas they need to be developed to keep pace with the problems 
that the Western system is so prodigiously producing. Today, 
human beings have multiplied and occupied nearly all the spaces 
on Earth, and it is even more important that the principle of 
minimum interference be used to move in directions of greater 
sustainability, 


Village Development 

As the population rose, Indians could have overrun neigh- 
bouring countries, but though they were often invaded by their 
neighbours, they resisted doing so themselves. Increased output 
of food and other essential produce had to come from the space 
to which they restricted themselves, forcing them into self-reli- 
ance. 

The villagebecame the focus of Indian life,as Gandhi said. The 
villages still are or should be. Villages allow for the efficient 
integration of home, agriculture and artisanal industry, which 
large cities do not. 

Villages are usually situated at a higher level than the sur- 
rounding land, and preferably near a reliable water source. The 
land on which they are built is normally uncultivable, leaving the 
fertile soil for agricultural use only, But fruit and other trees are 
successfully grown in home yards. 

The village elders exercised administrative, economic, politi- 
cal and natural resource management functions, necessary to 
maintain the well-being of their community. The extent of their 
authority was limited by natural boundaries, rivers, forests, or 
hills, and could therefore cover more than one village. This antici- 
pated the current trend to” watershed” developmentas the logical 
unit of space to work on. 

There are attempts to revive and even improve on the old 
systems. Asan example, in the village of Mendha, in Gadchiroli, for 
the last few years, decisions are taken only by consensus of all 
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adults, men and women, and even grown up children. If no 
consensus is reached on a particular problem, then discussion is 
continued or the project is abandoned.* 


Self-Reliance 
It was Gandhi who saw that self-reliance must be the basis of a just 
society. Being dependent on “outsiders” reduces one’s security, is 
damaging to the environment and makes one, not merely easily 
exploitable, but often expendable. Self-reliance is inherent in a 
sustainable system. Self-reliance ensures security. 

Describing the situation in northern India, which had to face 
numerous invaders in the eighteenth and nineteenth centuries, a 


foreigner observed: 


“The village communitiesare littleRepublics having nearly 
everything they want within themselves, and almost inde- 
pendentof any foreign relations. They seem to last where 
nothing else lasts. Dynasty after dynasty tumbles down; 
revolution succeeds torevolution; Hindu, Pathan, Mughal, 
Mahratta, Sikh, English, are mastersin turn; but the village 


communities remain the same’? 


Such continuity was mainly a result of self-reliant develop- 
ment. 

An important contribution to village self-reliance, was their 
spatial arrangement. As described in the Arthashastra, village 
houses, massed together, were surrounded by orchards, pastures 
and forests, in that order." Sucharrangements increased efficiency 
by reducing the labour required by farmers to perform their daily 
chores. The orchards required less attention thandid thecultivated 
fields. The pastures and forests provided grazing as wellas alarge 
number of wild plants with multiple uses. The grazing lands and 
forests were common property, to be used by all, responsibly. 

Such a diversity of ecological regions would naturally havea 
diversity of plantand animal life, which could provide the equally 
wide range of raw materials and products required for self- 
reliance. Expanding circles of self-reliance evolved, first at the 
domestic and farm level, then at the village level, at the local 
regional level and so on. 
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The farm provided the necessities for the home, with indi- 
vidual farmers interested primarily in attempting to producemost 
of the food required for their family’s consumption. The farm also 
produced some of the raw materials for industry, and what was 
unusable for one became the raw materials for another. The 
Pastures and forests also provided numerous raw materials for 
village industry. The forest’s dead timber provided fuel and its 
surplus vegetation gave food and fodder. Their “wastes” —dung 
and fallen leaves — provided manures for the farm. 

Self-reliant communities try to obtain as much food, fibre, 
fodder, energy and medicines from their own natural resource 
base. Since nearly every Indian plant, from the smallest herb to the 
largest tree, has multiple uses, it was natural for thesecommunities 
to conserve biodiversity. When people are aware that they are 
dependent on a particular environment for their survival, they, 
normally take care to see thatits resources are used ina sustainable 
manner, and thatno pollution occurs which can reduce theproduc- 
tivity of the environment. 

Close living and working also promoted cooperation rather 
than competition. Help from the community, whether for care in 
illness, repairing or building a house, and many other tasks that 
could not be handled by family members alone, was always 
available. While the West uses food as a weapon, the sharing of 
food with those who had less to eat or who had lost their crops was 
a natural expression of community responsibility. 

The villagers had to provide, in addition, many other basic 
needs such as education, health care and entertainment They 
formed a community in the full sense of the word. The in| tegration 
of village life was possible because work and play, home and 
workshop, eating and recreation, were not detached from each 
other. 

The self-reliant community required persons havingarangeof 
skills for the production of a wide range of goods. There were those 
who worked with fibres, the spinners, weavers, dyers, rope mak- 
ers. There were leather workers who skinnedand tanned the hides, 
and those who turned the leather into shoes, animal harnesses, 
water carriersand soon. Carpenters fashioned agricultural imple- 
ments and helped in house construction. Blacksmiths made and 
maintained agricultural and processing equipment. Potters pro- 
vided the vessels to carry and store water and in which food was 
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cooked. Those who maintained cows, processed any extra milk 
into storable ghee. j 

Barbers, surgeons,astrologers and others were provided with 
aregular income paid in foodgrainsat harvest, on receipt of which 
they were bound towork for every village resident without further 
payment. There werejugglers, acrobats, dancing girls, and sadhus."" 
Most of these also worked in the fields during the crop seasons. 
Many of these have now lost their occupations because of the 
intrusion of the cash economy, and of commercialized, passive 
entertainment. 

There was a certain amount of specialization and division of 
labour. For instance, some groups were breeders of cattle, others 
like the Kathkari Adivasis became famous for their manufacture of 
kath. The knowledge of the biologicaland physiological properties 
of natural resources acquired by the respective user groups played 
an important role in the careful husbandry of natural resources. 
Each of these groups, as well as the community as a whole, 
protected the species of plants and animals which were required 
since, without them, all in the community would be deprived. 
Withineach group, individuals were controlled by internal leaders 
or consensual decisions. 

The existence of traditional occupations helped preserve biodi- 
versity. With the exception of a few minerals, the raw materials 
produced by agriculture (and forests) provided employment for 
the whole population as they turned them into useful basic prod- 
ucts. This characteristic was an essential one in the village social 
system. The case of cotton and textiles will be described later. 

“Justice required that all the people in a given region be 
satisfactorily employed so thatthey could obtain their basicnecessi- 
ties. Technologies could not be developed which would cause 
unemployment in the name of efficiency or even for reducing 
arduous labour inputs. Limiting agricultural input energy to 
renewable sources required hard labour on the part of farmers, 
which kept them healthy without the need for expensive recrea- 
tional sports. Surely, ploughing and threshing the harvest were 
more fulfilling ways of getting healthy exercise than jogging and 
aerobic dancing. 

Self-reliance required that people carry out their own research 
and development tosolve their own problems, whether agricultur- 
al, health or other. 
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Only basicrequirements which could notbemetlocally within 
the village and environs, were imported and bartered with what 
was in surplus. 

__ Unfortunately, justice was not fully done. There were inva- 
sions from outside India, and the Adivasis, for instance, were 
pushed into the hills by invaders or expanding local populations 
The caste system, while providing certain employment for all, put 
different tasks into a rigid hierarchical system, instead of merely 
preserving them as distinct groups. For instance, the dalits who 
were restricted to skinning dead cattle and tanning their hides, 
were considered a low caste, even though they had a wide knowl, 
edge of tans and other plant-derived chemicals used in the pro- 
cesses, and provided an essential service. Butitappearsthatnoone 


starved because of the nature of the agricultural and industrial 
system 


Agriculture 
Mee le a above concepts may or may not have been consciously 
oe & a wee incorporated in the agricultural practices that 
_Vedicliterature shows that farming wasadvanced at thattime 

witha farmer possessing a fair knowledge of soil fertility, selection 
and treatmentof seeds, seasons of sowing and harvesting, rotation 
manuring, and the like. Cowdung was used as manure and two 
harvests a year sometimes gathered.” Some of the crops men- 
tioned in ancient literature cannotbe identified and may havegone 
out of cultivation, but most are still in use today. 

With major population movements suchas invasionsof neigh- 
bouring areas not acceptable, and with no urban industry to 
promise themendlessriches, the peoplehad to relyon theavailable 
resources and their knowledge and skills to utilize them more 
efficiently. On the whole, the practices were designed to improve 
self-reliance and long-term security, evenat the cost of immediate 
production. 

There appeared to have been an understanding that, although 
the carth was large, they had to obtain most of their resoure 
from within small closed ecosystems. If they harmed and de- 
stroyed this microworld, by overusing natural resources or pollut- 
ing their environs, they would surely be harming and destroying, 
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themselvesas well, for there was no other place to go, nocities with 
their false promise of industrial jobs, nonew frontiers waiting tobe 
conquered. Atleast, not without the application of force todisplace 
other existing populations by unjust means. They were, therefore, 
extremely careful not to foul their own nests. 

With cultivable land limited, increasing production had to be 
obtained by devising complex systems, with practices that nur- 
tured the earth, conserved and, perhaps, improved the natural 
resources of soil, water and genetic resources locally available. It 
required the preservation of the natural cycles of growth, decay 
and regrowth. Improvements came by restoring, enabling and 
speeding up such cycles which provided the nutrients for many 
creatures. 

The resulting systems kept the crops healthy by providing the 
nutrientsand an immediate environmentthat controlled pests and 
weeds. These were not developed as individual reductionist cate- 
gories, but ina multiple use, and often synergistic, manner. Such 
sophisticated systems must have taken hundreds of years to 
develop. They required intensive study of the farm and its sur- 
roundings, a knowledge of all the hundreds of possible crops that 
could be grown, with their permutations and combinations as 
intercropsand rotations, and what would now be termed manage- 
ment skills. 

Traditional systems, strangely enough, reduced interference 
toaminimum by keeping thesystems complex, asnatural systems 
are. Inputs were limited to the use of renewable resources and 
that too very sparingly. Self-reliance was maintained by not im- 
porting agricultural and industrial inputs and not exporting food 
and other agricultural outputs and village industrial goods. 

Farmers obtained all their inputs from their own farmland or 
from theneighbouring commons. This required the recycling of the 
whole crop plant — grain, husk, stalk, leaves, roots. There can be 
no such thing asa crop waste in sustainable farming. The system 
had to include users of and uses for the whole crop: livestock to 
consume the straw and graze on the stubble, the animals in turn 
providing draught power, milk and meat, The animal manures, 
together with the husk and stalk composted or burned as fuel and 
the ashes returned to the field. The production of an even small 
quantity of unbiodegradable waste would be unsustainable, so 

“wastes” of village industries were recycled. The more self-reliant 
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the farm became, the more complex it had to be and the more 
wholesome and permanent the system in which it was embedded 
became. 

Extra production was obtained only by developing technology 
which maximized the utility of the available resources: land area, 
water, varietiesof species and crops whichallowed infiniteexperi- 
mentation ia rotations and intercropping. The crops selected had 
to have meshing farm operations so as to maximize family labour 
efficiency. 

The crops wereselected according to the local soil, climate, and 
other environmental conditions, with no attempt to “level” the 
environmentby bringing indistant fertilizers, irrigation, and other 
synthetic inputs. 

The development of this type of farming system required the 
simultaneous preservation of diverse ecological regions, such as 
pastures, forests, aquatic habitats and even “waste” lands. The 
commons provided essential farm nutrients to supplement what 
was recycled, fixed by legumes and brought up by deep-rooted 
plants in farms. Production was increased, not by clearing more 
forests for crop cultivation, but by using a little of the forest 
production to raise farm fertility. The forests also provided food 
and hundreds of other products directly, relieving agriculture of 
the burdenofsupplyingthem. Although the majority of such farms 
were subsistence farms, farmers did not needa high cash income 
because cultivated as well as wild plants provided them with their 
other non-food requirements. 

Hedges and “waste” lands, provided habitats for insects, 
birds and other creatures, some of which were predators and 
Parasites of pests. There was no need to carry out botanical 
and zoological surveys. Diversity was maintained simply by 
allowing regions to “run wild”. There wasno need to measure soil 
nutrients and rhizobia populations. Organic matter was returned 
to the soil, while keeping damage to the soil flora and fauna toa 
minimum. 

Consumption waslimited to that produced sustainably. Wants 
were not arbitrarily specified and then technology or bad farming 
practices used to attempt to obtain them. individual selfishness 
and greed were kept down by the needs of the community and 
future generations. It required the deliberately sacrificing of 
immediate gains for the sake of long-term sustainability. 
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Vegetarianism is moresustainable than a food systembased on 
a large quantity of meat products. Perhaps our ancients realized 
this or perhaps they were drawn to this by their realization of the 
oneness of all Nature, but it allowed a much bigger population to 
be supported adequately. Cow worship could have arisen from a 
realization that bulls were necessary for traction and that they 
played an essential role in recycling crop “wastes” speedily. 
Livestock systems were limited to what was required for draught 
purposes and what could be supported by the farm by-products 
and sustainable grazing. But integration of livestock was essential 
for recycling as well as draught. 

Much of the agricultural produce was processed in the village 
itself. There was the husking, milling and grinding of cereals and 
pulses, and processingof sugar or other local crops. Inevery village 
there was a ghani (bullock-driven oil mill) for extracting oil from 
oilseeds, for edible as well as non-edible use. The residual oileakes 
were immediately available for cattle feed and manures. 

Sustainable agriculturealso requires economicindependence. 
It is precisely because it could not be commercialized that tradi- 
tional agricultural practices were not exploitable. 

In villages, highly perishable food was bartered or sold di- 
rectly from farms, with purchasers often coming to the farm. In 
larger villages, farmers sat with baskets of produce in a central 
place. Not-so-perishable food was sold in weekly bazaars, which 
also served as meeting places and provided entertainment. The 
existence of weekly bazaars, allowed farmers and consumers to 
spend more of their time on their productive work. 

There were middlemen who went around from village to 
village buying up the produce. Traders purchased fruits and 
vegetables by the headload to hawk around. There were special 

needs, like the leaves of the banyan tree collected for elephant 
fodder only. 


Such practices also resulted in good agriculture. J A Voelcker, 
a British agricultural chemist, was brought to India as an expert to 
recommend improvements tobe made in Indian agriculture. In his 
report of 1893, he stated: 


“(Nowhere would one find better instances of keeping, 
land scrupulously clean from weeds, of ingenuity in 
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device of water-raising appliances, of knowledge of soils 
and their capabilities, as well as the exact time to sow and 
to reap as one would in Indian agriculture; and thisis not 
at its best alone, but at its ordinary level. [t is wonderful, 
too, how much is known of rotation, the system of ‘mixed 
crops’, and of fallowing. Certain it is that J, at least, have 
never seen a more perfect picture of careful cultivation 
combined with hard labour, perseverance, and fertility of 
resource, than I have seen at many of the halting places in 
my tour’? 


The agricultural scientist, Albert Howard, wrote early in this 
century that Indian farmers used compost and organic manures 
whichensured that they could continue farming on the same land 
for more than 2000 years without a drop in yields. He added that 
the crops “were remarkably free from pests” and that they were 
nearly as permanentas the primeval forest." Howard decided that 
he could not do better than watch the operation of the farmers, 
regarding thernas his professors. From them he learnt how to grow 
healthy crops, practically free from disease, without the slightest 
help from artificial manures or insecticides. 


Breakdown 

The destruction of such systems began with the enclosure of the 
forests and other commons. C C Wilson, Chief Conservator of 
Forests, described its cansequences for the villagers: 


“Thedwellersin the countless villages all over the country 
had, from time immemorial, obtained a great part of their 
daily needs from the jungles. First and foremost was the 
question of fuel with which to cook their food. Without 
that they could not live. Then there were small timbers for 
building without which they wouldhavenoshelter, ploughs 
without which they could not cultivate the ground, raz 

ing without which their cattle would die, green-leat ma- 
nure for their fields, tanning bark for their leather, bam- 
boos fora dozen different purposes. And these were vital 
totheir well being... And thenanauthority cameinto being 
which denied them what they had always looked upon as 
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their rights. They fought most bitterly and indeed under- 
standably, against the new tyranny”. 


‘Today, thegovernment still claims the same proprietary rights 
over the forests. 

When the commons are enclosed or destroyed, the nutrient 
supply dropsand so does the crop output, perhaps below subsis- 
tence level for most farmers. There is further loss of food produc- 
tion by the reduction in fodder availability with a consequent 
lowering, of the quantity of animal manure; by a reduction in 
fuelwood, forcing farmers to burn their remaining cowdung as 
fuel; by a lowering of the water table. The reduced productivity, 
required the use of more crop land for self-reliance. To add insult 
todeprivation, the farmersare blamed for being inefficient, andare 
then forced to use synthetic fertilizers. 

Voelcker had written in his report: 


“It is, however, necessary to correct the idea which pre- 
vails rather widely, that as soon as a forest is reserved, 
cattle and men are to be excluded and itis tobe worked for 
the profit of the Government rather than for the benefit of 
the people. It cannot be too shortly affirmed that the chief 
object of the reserved forests throughout the greater part 
ofthe country isthe provision of pasture, small timber, fuel 
and leaves for manure and litter. These are to be worked 
in order to meet the wants of the villages in these respects 
and are not to be converted into close preserves for the 
growth of large timber”. 


With this recommendation ignored, farmers are forced to 
encroach on what should by right be their free commons. Persecu- 
tion by the forest department, not only impoverishes them but 
wastes their time and energy. 

Enclosure also deprives the excluded of large amounts: of wild 
food, putting more pressure on agriculture to supply basic needs. 
Moreover, the minor forest products that were obtained freenow 
had to be purchased, which usually meant more land had to be 
used to grow cash crops. With enclosure, agriculture and industry 
were simultaneously damaged. The continuing conversion of 
forest lands to agricultural lands is mainly for subsistence food 
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production by those who have been impoverished by forest enclo- 
sure itself as well as by other aspects of “development”. 
Why did the British destroy the traditional healthy system? G 


F Keatinge, Director of Agriculture, Bombay Presidency, wrote in 
a 1913 article: 


“The old self-sufficing agriculture by which each tract, 
each village and each holding supplied its own needs is 
now largely a thing of the past. ... The Bombay Presidency 
draws much of its food supply from outside, while it 
exports large quantities of cotton and oil-seeds. Its ayjricul 

ture has become commercialized” .7 


The destruction of traditional systems of agriculture and their 
replacement by systems geared to the market economy Wer part 
of British policy. While commercialization may have been 
“progress” for them, we were caught ina trap of dependency and 
unsustainability, which still imprisons us. Efforts to break loose 
from this bondage are being thwarted by those in the West who 
impose conditionalities and liberalization today. 

The British wanted raw materials for theirindusiries, ice was 
exported for starch, cotton and indigo for their textile indusirios 
and opium in order to balance their trade with China. Ni Ww crops 
and practices suchas monocultures needed to beintrouucee whic h 
required the maligning of farmers’ knowledge and its feplacement 
by that of foreign academic “experts”, the enclosure of the kiow! 
edge commons. 

Voelcker had also noted that under existiny: 
export of grains, oil-seeds, and manures, and the consnent 
distress burning of cattle-dung for fuel, there niwist bo a yyadual 
deterioration of the soil. 


ydiions of 


Farmers today who wish to be more self-reliant, who look lar 
ahead to the needs of generations to come, have the immense 
advantage of the availability of a huge stock of know le lye with 


which they can experiment and improve, 

Before going on to more detailed dese Hplions of (eaditional 
agriculture, thenext two chapters will contrast (he Western cular 
and development system with the traditional one 


Chapter 3 


The Western Cultural & Farming Systems 


The cultural rules that the West followed, not merely disregarded 
those observed by Indians but were wholly opposed to them.' 

Instead of harmony with Nature, the Europeans placed them- 
selves just below the angels and firmly above the rest of creation. 
If specifically created to dominate Nature, humanity must lead to 
de-Naturing. Domination results in exploitation and the West saw 
value only in what plants, animals and minerals could be used for, 
not for their intrinsic worth. As a consequence, instead of mini- 
mum interference, the West devastated its environment, first in 
Europe, then in the occupied territories. The invasion and occupa- 
tion of the Americas and other colonies were the result of a lack of 
self-reliance in Europe. 

The foundation for today’s Western culture and development 
was laid by Columbus’ “discovery” of the Americas and the 
subsequent era of physical colonialism that followed, which gave 
to the West an abundance of land and raw materials, without 
which, the West's “success” would not have bcen possible. 

The enormous Western structure of affluence has been builton 
the sands of unsustainability and injustice. It fails a simple test: if 
all the peoples of the Earth were to miraculously reach the same 
level of consumption that the West has today, critical resourceand 
pollution crises would occur within a few years. Appalling global 
intragenerational and intergenerational injustice is built into the 
system. It is assumed that the endless pursuit of profit and its 
valucsisall the morality thatis required to determine the structure 
of society. 

The Indian principles are rejected by the Western system, not 
withany rational justification, buton thegroundsofimpracticality, 
since they cannot provide the high levels of consumption, which 
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Westerners — assumed to be inherently greedy — demand. “De- 
velopment” has, in fact, come to mean the legitimation of greed. 
The Western system thereby declares that resource depletion and 
pollution, and ultimately the destruction of all life on carth, are 
eminently “practical” and inevitable. 

The West, however, claims that its huge structure is built 
wholly on rational science, which permits its society to Brow 
enormously — technologically and economically — and to row 
indefinitely, with ever increasing quantities of products and 
services being provided to keep its citizens happy. Bul this is 
clearly irrational. In a closed planet, the use of non-renewable 
resources must end at some time; even renewable resources can 
be exhausted if they are consumed faster than they can 
regenerate; and the earth’s sink capacity to absorb and neutralize 
pollution is also exhaustible. To counter this, the West claims 
that its science will find technological solutions to these 
problems, ignoring the fact that the “solutions” that it has so far 
found, themselves cause more problems. This fait! in Western 
science and technology, in effect, is a step to mystic reliyion — or 
insanity. 

The demand for high consumption levels led to the Jevelop- 
ment of industrial and agricultural production systems which 


served the material aims, unconstrained by any limits put on the 
use of the earth’s limited resources, or on the pollution of the 
environment. 

This system is promoted by a congress of industrialists, politi- 
cians, economists and scientists who gain profits or power from it, 
The better taaccomplish this, they also promote a cullire ol yreed, 
the accumulation of larger and larger quantitios of nusterial prod- 
‘ucts and services. 

Their knowledge is generated and transmitted by a subset of 


the population, the scientists, theexperts, the educators, who, like 
the ancient priests, jealously guard their rights of po 
secrecy and transmission. 

Although this system is quite evidently unjust, « 


von, 


ven by the 


inequity it has created, it is predicted that wealth would trickle 
down to all who obediently follow their proseription, Hut only 
greed and envy have trickled down so far, It is, perhaps, the 
knowledge that wealth does not trickle down, that promotes the 


concept of the individual coming first. 
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The environmental devastation that the system has produced 
has been regarded as an acceptable price to pay for industrializa- 
tion and the comforts it provides. While up to now the price has 
been paid by other than those who “benefited” from the practices, 
theozone hole and globalclimatic change, which affectall onearth, 
is making some in the West sec the unsustainability of such a 
system. But not all,not those who control thesituation. AS implied 
by George Bush at Rio, “Our standard of living is not negotiable’ % 
it would mean the large-scale comering of resources by economic, 
political and military means. A high standard of living is a high 
standard of injustice. 

To maintain its unsustainability a little longer, the Western 
system is actively attempting to make each and every person in the 
world totally dependent onit for everything, from birth, to growth 
with basic food and water, to burial. 


Western Agricuiture 
The Western agricultural system is considered a model of success, 
to be closely copied by other farmers, but an examination of its 
practices reveals that it is inherently self-destructive and so 
unsustainable. It illustrates how initial unsustainable practices 
produce ripple effects and positive feedback which soon engulfs 
the whole system. xe 
The displacement of Native Americans and other indigenous 
peoples allowed the invading and immigrating European occu- 
pants to possess huge farms, These farms required the use of 
machines which consumed large quantities of non-renewable 
fossil fuels. The machines required the cultivation of the same crop 
year after year, which reduced biodiversity. Farm machinery 
reduced the need for farm labour, forcing those who did not own 
land, to move into cities. As 
The high cost of machines required a higher productivity 
which led to the selection of crop varieties which gavea highyield 
but were more susceptible to pest attack. This required the use of 
synthetic pesticides, which also killed predators, resulting in 
further disharmony. The insects developed resistance to most of 
the pesticides, making the whole “science” of pest control point- 
less. Pesticides also harmed useful organisms in the soil, micro- 
organisms as well as larger creatures like earthworms. New 


es 
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biotechnological solutions are being promoted now, butsince they 

cause further disharmony — modification of the genetic makeup 
— they must result in more problems, some of which are already 
appearing as pest resistance, but others could appear after decades 
of use. 

The monocultures of high yielding seeds required external 
inputs of synthetic fertilizer to be brought in to replace the lack of 
recycled organic sources. This unbalanced the system further since 
the fertilizers destroyed soil organisms. They damaged the rhizo- 
bia that fix nitrogen and other micro-organisms that make phos- 
phates available to plants. Earthworms and other soil creatures 
that condition the soil and recycle organic matter were also killed. 
Allof these effects reduced crop yields in the long, run. Some of the 
imbalances attracted pests to the crops and encourayed [hem to 
thrive. The damaged soil was easily eroded by wind and water. The 
eroding soil required the use of continuously inereasi ry, quantities 
of fertilizers, much of which was washed or leached into surface 
and underground water sources. 

The high use of fertilizer led toa proliferation ol weeds, Those 
which could not be controlled by the use of machines, were treated 
with herbicides. The herbicides killed many of thy wild relativesof 
crop plants that grew nearby, reducing biodiversity. Weeds are 


nowbeing found thathavedeveloped resistance Lo herbicides. The 
situation is seen as so serious, that several members of the US 
Congress have introduced a bill to prohibit foclorally sponsored 
research on herbicide-resistant plants? 

The contamination of the water, air and soil with toxic 
synthetic fertilizers, pesticides and herbicides loads to 
increasing deaths of other creatures, and to human illness 
and mortality, too. This results in a further loss of biodiversity 
and harmony. Huge sums have now to | pent to purity 
water, particularly for drinking purposes, The lwsina are now 
presentin most of the foods grown, but food canto! be decontami 
nated at all. 

The high yielding varieties usually require heavy irrigation 
because the new breeds cannot stand normal water stresses, This 
has caused extensive salinity and waterlogyyinys, removing, fertile 


land from cultivation, some of it permanently. [1 alia loads to the 
overdrawing of underground wate 
sustainability. 


Sin total disreyard of 
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Thehigh costs of inputs leads to the need for subsidies to make 
agriculture economical. The subsidies are set so that the price of 
farm produce is lower than world market levels, enabling profit- 
able exports. The demand for crops for exportleads to the farming 
of arid regions, requiring, more irrigation, resulting in the mining 
of underground water. As the water tables fall, more energy is 
required to lift the water. on 

Today, agribusiness thrives on the manufacture and supply o 
all theseinputs, and controls agricultural policies of Senne ee 
These companies are concerned only with profits from the sales o 
their products, even if their use adds to unsustainability. 

Synthetic fertilizers, pesticides and herbicides are made from 
non-renewable raw materials (mineral oil and natural gas) or from 
minerals that are fast depleting (phosphate and potassium ores). 
They use enormous amounts of non-renewable fuel for their 
manufacture. The cost of petrochemicals is increasing day by day 
due to the rising costs of raw materials and energy. There is also a 
large dependence on imports which makes dependence on them 

si inable. 
panne y,it willbe the global demand for oil and natural gas 
for fuel that will determine the price and the availability of 
fertilizers, pesticides and other agrochemicals. Although the re- 
quirementsofraw materials for petrochemicals area small fraction 

of the total production, prices will be determined by their use for 

coe The increasing inputs, expensive machines, seeds, fertilizer, 

pesticides, and herbicides, force farmers to farm larger areas in 
order to obtain a reasonable income. They aera sinall farmers 

uit of agriculture, as they go deeper into debt. 
ar The huge farms ene the produce to be transported long, 
distances to nearby towns and faraway ci Hes. This requires fossil 
fuels for transport as well as for the processing, packaging and 
igeration of the produce. 

ge tees senciinte is in total disharmony with Nature. Its 
gross interference affects the delicate balancesin theenvironment. 
But the West sees the consequent protests of Natureas constraints 
onits progress tobe overcomeby “higher” technology, rather than 
a warning to restore the balance —if thatisat all possible, without 
a total wiping out of the present agricultural-industrial-economic 


system. 
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A report in New Scientist states: “The capacity to produce 
food in the US is not sustainable, and is already diminishing, Itis 
water and soil that govern the limits to food production’? 


The Green Revolution (GR) package promoted in India is a 
combination of the above practices; it is a revolution leading to 
unsustainability. After nearly 30 years of its existence, the effectof 
the technology is tapering off over large areas. The International 
Rice Research Institute (IRRI) has stated that since 1985, growthin 
rice yields has virtually ceased, in spite of new “improved” 
varieties being introduced.‘ 

Itisclaimed that were itnot for theGR, there would bemassive 
starvation, farmers would try to cultivate marginal and steeper 
lands, speeding up the destruction of the remaining forests, and 
aggravating soil erosion. However, the large output and low price 
of the food that the GR supplies are possible only because ferti- 
lizers, pesticides, irrigation, tractors, energy, and all the other 
inputs it requires, are highly subsidized, since non-renewable 
resource and pollution costs are externalized. Although the dis- 
continuance of subsidies on synthetic fertilizers will be a good 
thing from the point of view of sustainability, it should not come 
aboutasa result of pressure from the WB/IMF whose only interest 
is the support of Western industry. 

Now that the costs of the GR are coming up for payment, it is 
claimed that the GRallowed Indian agriculture to buy time to work 
outmore sustainable solutions, but thisisan admission thatthe GR 
technology can only be used for a short time, it being self-destruc- 
tive and unsustainable. 

It is being openly said by agrochemical manufacturers that 
increasing food output will require the use of increasingly costly 
inputs, particularly those based on depleting petrochemicals. 
Prices of food will be raised as costs of inputs go up, but with cach 
risein price, another layer of theimpoverished is pushed below the 
poverty line. Those who were able to purchase just enough food for 
their needs become undernourished; the already undernourished 
become malnourished; the malnourished starve; they become ill 
and die. 

The saddest accomplishment of the GR is that its “success” 
made traditional self-reliant farmers discard their numerous vari- 
eties fora few so-called high-yielding ones, made them dependent 
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onsyntheticbought-outinputs produced by agribusiness, with the 
varieties providing temporary high yields at the cost of pest-, 
disease- and drought-resistance, resulting in long-term drastic 
declines in production. 


Development and Agriculture 
Agriculture is, of course, an integral part of the general devel- 
opment system, serving the system as a whole, and being served 
by it. If the effects of other sections of the development system 
reduce sustainability, then the sustainability of agriculture is also 
affected. There are many ways in which agriculture is so affected. 

The making of profits and protection of the environment are 
inherently incompatible. The former requires the continuous pro- 
motion of items for sale, which must use resources and produce 
pollution. As long, as there is competition for profits, environ- 
mental costs will be externalized, irrespective of laws and regula- 
tions. Manufacturers will not stop polluting if they can avoid it: 
their very survival requires that costs be reduced and profits 
maximized in the short term. The furthest vision goesa measly 10 
to 20 years. Development in the Western sense and sustainability 
are not compatible. 

The result: non-renewable resources are being depleted and 
the pollution produced is excessive. 


The Unsustainable Energy System ' 
The most important of the vanishing resources are fossil fuels and 
these also make the greatest contribution to pollution, local and 
global, causing climatic warming, smog, acid rain, and other 
adverse environmental effects. They could —and maybe already 
are — damaging the ecosystem so severely, as to make the planet 
Farth uninhabitable. 

The West's enormous agricultural and industrial system, 
is wholly based and wholly dependent on an abundant use of 
low-priced non-renewable energy. Without this, Western society 
would collapse. [t is difficult to find a single item in the West that 
does not “contain” non-renewable energy, used for its manufac- 
ture, growth, transport, storage, consumption and /or disposal of 
its wastes. 


La 
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The excessive use of fossil fuels by the Westhasresulled in their 
near exhaustion and the pollution of the atmosphere to such an 
extent that direct damage to plant and animal life is already 
occurring, while climatic change appears to be imminent. 

Western agricultureis tota ly dependent on fossil fuels for the 
production of agrochemicals: fertilizers, pesticides, herbicides, 
plastics and other inputs; directly as a fuel to power tractors, 
harvesters, threshers, and other machines and to manufacture 
these machines; for the housing and feeding of poultry and cattle, 
for heating greenhouses for vegetables, refrigeration in transport 
and storage, and for many other uses. Oiland natural gas are also 
used as raw materials for synthetic agrochemicals. 

Fossil fuels are non-renewable and thereare limited quantities 
of them available on the planet. It is predicted that oil and natural 
gas will be nearly exhausted in a few decades, while coal may last 
alittle more thana century. Other factors, such asa lack of foreign 
exchange, political unrest in the Gulf, or the cornering of supplies 
by powerful countries, could make them scarce and raise prices 
drastically. This would make its use uneconomical foragricultural 
or industrial purposes. 

It is evident that no system that uses large quantities of fossil 
fuels is sustainable. Even if consumption is drastically reduced, it 
will merely postpone the moment of final reckoning. Yet Indian 
agriculture is showing a dangerous, increasing dependence on 
such energy. 

Renewable energy, whose total contribution to global energy 
useis only about 12% today, cannotsupply thewantsofa hypercon- 
sumptive society. 


Energy and the Climate 

Humanactivities arenowdistu rbing both the quality and quantity 
of solar energy that reaches the surface of the earth to an extent 
which could be harmful to life. 

Solar radiation determines the whole earth's climatic system. 
The use of fossil fuels for transport as well as the Reneration of 
power for the manufacture of farm inputs and for all industrial 
purposes, results in large scale carbon dioxide emissions which 
are unbalancing the atmosphere, leading to global warming, 
The ensuing climatic change will drastically interfere with the 
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rowth and development of plants and animals, leading, almost 
2 rely, to gross reductions in agricultural production. Global 
warming could cause plant and animal species to disappear, 
locally or globally. 
re corey is critically dependent on temperatures and 
even an average change of one degree Celsius can cause a large 
decline in yields. The hotter atmosphere and possibly higher wind 
speeds will increase evaporation from soil and water surfaces, 
increasing aridity as well as evapotranspiration from plants, This 
will raise the water requirements of crops even while droughts 
become more prevalent. Changesin temperature willalso severely 
affect grasslands and forests. ; ; es 
A few scientists maintain that increasing carbon dioxide 
concentrations in the atmosphere will increase plant growth and 
hence agricultural output, but some experiments have not con- 
firmed this. If, however, they are verified in the field, then plants 
thatareconsidered weeds willalso thrive better and the pests that 
foed on them will grow and multiply faster. Morcover, ona global 
scale, the biological disruptions resulting from climate change are 
likely to far outweigh any potential benefits. a 
‘Atmospheric warming, is also expected to cause a rise in sea 
levels. Such a rise could flood millions of hectares of often highly 
fertile, rice-growing land in low lying areas. Millions of coastal 
dwellers will become environmental refugees, leading to wide- 
spread unemploymentand poverty. Tidal zone areas willbe badly 
affected, with a loss of the special foods as well as the breeding 
grounds of many species of fish and crustaceans. Rising sea levels 
could alsolead to salinization of coastal water sources, particularly 
ffecting low-lying countries. 
Te BaRVE HIGH Us fagll Foal energy into electricity has a 
major effect on crops and forests. The damage starts with the 
mining of coal which requires the destruction of huge areas of 
forests and pollutes nearby water sources. Thermal power genera- 
tion stations themselves cause very high carbon dioxide, sulphur 
dioxide and nitrogen oxide pollution. In addition, they produce 
huge quantities of flyash when they usecoal,as most Indian power 
s do. % 
mete continued use of fossil fuels, either directly or as electri- 
city generated by them, adds to the unsustainability of agricul- 
ture. 
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The Ozone Hole 

The pollution of solar energy produced by the destruction of the 
ozone layerin the stratosphere by CFCs and other chemicals, many 
of them used in agriculture, increases the quantity of shortwave 
ultraviolet light (UV-B) reaching ground level, which could harm 
biota and have far-reaching effects on agriculture. 

Excessive UV-B radiation is a decided ly detrimental factor for 
most organisms, including humans. Even current levels of UV-B 
can be linked to increased mutation rates, delay of cell division, 
depression of photosynthesis particularly in phytoplankton, skin 
cancer in humans, cancer of the eyein cattle,and the death of many 
lower organisms, such as aquatic invertebrates and bacteria, UV 
radiation causes a weakening of theimmune system in humansas 
wellas other animals, making them more susceptible to infectious 
diseases.’ 


Increased UV-B exposure decreases photosynthesis and in- 
creases leaf respiration or does both withsome plant species. It has 
harmful effects on tree pollen, with some trees experiencing 
difficulties in reproduction.” A further possible harmful conse- 
quence is that increased UV light would raise the amounts of 
Vitamin D in the skin of mammals and birds to toxic levels 

Some crops are quite resistant to UV, while others, including 
tomatoes, beans, peas, and onions, would be killed or severely 
damaged. Scientists estimate that fully 10% of crops grown in 
industrialized countries are already lost due to pollution — par- 
ticularly the decline in the ozone layer? 

Rice plants are most sensitive to UV-B radiation at the carly 
stages of their growth. With enhanced radiation they become 
shorter, with smaller, but thicker, leaves. Plant dry weight de- 
creases and cells and tissues are damaged. Root activity, protein 
and total nutrientintake diminish, and stomatal openingsdecrease 
in number and often close (stomata regulate the carbon dioxide 
and water intake of rice),"” Rice production willalso be affected by 
possible drastic nitrogen deficiencies in paddy ecosystems, since 
nitrogen-fixing cyanobacteria are extremely sensitive, even to 
current levels of UV radiation.” 

Phytoplankton are at the bottom of and crucial to the food 
chain in Antarctic waters, and if they are destroyed, all creatures, 
up to and including whales, which depend on them can be 
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climinated.” The loss of phytoplankton, which fix more than half 
the carbon dioxide produced globally each year, will enhance the 
greenhouse effect. ; 

There will be an overall drop in food production, both on land 
and sca, as a result of ozone depletion. ; 

The CFCs used for refrigeration, during long-distance 
transport of food, its storage in sales outlets and homes, 
have contributed to the ozone hole in the stratosphere. The use 
of such equipment — widely promoted by the food processing 
and exporting industries — makes agriculture unsustainable. 
Methyl bromide, used as a pesticide, also affects the ozone 
layer. é 

“ Though less polluting alternatives are now being proposed, 
such processes will continue to damage the ozone layer forovera 
century more at least. 


Acid Rain and Low Level Ozone F 
Acid rain is caused mainly by sulphur dioxide (emitted chiefly in 
coal and oil combustion), and nitrogen oxides (mainly from all 
high-temperaturecombustion processes, motor vehiclesand power 
stations). The sulphur and nitrogen oxides form acids with cloud 
droplets, which are ultimately precipitated as rain. 

‘Acid rain can have a pH of 3 or even 2, and this can destroy 
natural organisms in water and soil."* Acidification has been 
identified asone of the chief threats to Europeansoil, with over 30% 
of the soils considered to be moderately to severely damaged hy 
1990." 

Acid rain can affect aquatic life in lakes and streams and 
forests, and can contaminate groundwater. Thousands of square 
miles of lakes in Europe have no fish in them and more than 12 
million acres of forests have been affected in Germany, Poland, 
Yugoslavia and Czechoslovakia. The loss of invertebrates and 
fish affects the food-webs of aquatic birds. 

The largest visibleeffect has been on forests. Acid inclouds. and 
mist can be absorbed directly by plant foliage at high altitudes. By 

1987, more than two-thirds of all the forests in the UK and more 
than half of those in the Netherlands and Switzerland were 
damaged, while 87% of West German forests were damaged to 
some degree, most of them seriously, by 1986. Acid rain adversely 
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influences the sexual reproduction and subsequent yield of some 
agricultural crops. 

When oxidesofnitrogenreactinsunlightwith volatilehydrocar- 
bons from vehicle emissions as well as from some industrial 
Processes, ozone and other related chemicals are produced. At 
high concentrations these chernicals damage chlorophyll and make 
some pests grow faster. A study in the US showed ozone damage 
to wheat, maize, soybeans and peanuts valued at roughly $3.1 
billion.'” 

__ Thereare methods of reducing the emission of pollution butall 
of them create other problems such as increasing greenhouse gas 
emissions or creating huge quantities ofsolid wastes." Thereisalso 
considerable resistance from industry to efforts to control emis- 
sions, since this will affect their competitiveness with industries 
which do not control their emissions, The cost of reducing emis- 
sions is enormous. US costs for reducing sulphur dioxide emis- 
sions alone by 8 million tonnes will be $2 billion per year. The 
elimination of the total emission of 13 million tonnes will cost $4 
billion year.” 


The Urban Connection 

It is normally assumed that cities can and must expand to act as 
“enginesof growth’. Butcitiesin themselves reduce sustainability, 
because the growth they produce puts unbearable burdens on the 
environment and resources, particularly that of the surrounding 
countryside 

Cities serve as sinks for agricultural products but do not 
allow for the recycling of their organic wastes, which must 
contribute to the loss of soil fertility in the whole source area. As 
more of the output goes to the cities, more nutrients will need to be 
replaced from the commons, but the commons are also being 
destroyed, Farmers are blamed for low productivity, but part of 
the cause is the urban waste of recyclable nutrients, Farming 
cannot be sustainable unless the cities stop being sinks for organic 
matter. 

The lavish use of fossil energy for agriculture itself as well as 
for the transportof its products has allowed cities to: grow; without 
that energy city populations will have to drop drastically and 
perhaps some cities may even collapse. 
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Cities promote unsustainability by providing a (false) 
escape hatch for those whose rural environments have been 
destroyed. Cities are the refuge, not of the sinner, but of the sinned 
against. 

Itis evident that, if the present development pattern continues, 
the situation could only get worse. Itcould be much worse, if there 
are fossil fuel problems or major environmental disasters, simul- 
taneously. A high level of unemployment is bound to cause 
enormous social discontent which is ignored by those who are not 
disturbed by the injustice of such a situation. 


The Limits to Western Organic Farming 
The term “sustainable agriculture” came into use when it began to 

be noticed that many current Western agricultural practices were 

causing unexpected effects which could reduce the future produe- 

tivity of the areas in which they were practised. Corrections were 

therefore sought to be made in the system to make it more 

sustainable. 

Agricultural systems that do not use synthetic fertilizers and 
pesticides are called “organic”. Many of them are concerned only 
with the productionof uncontaminated food, notwith sustainabil-' 
ity. Most organic farmers in the US use mechanization and have 
large farms with high inputs, commercial market sales to distant 
places, or use material- and energy-intensive practices like green- 
houses. Such farms use modern equipment, certified seed, and the 
latest innovations in feeding and handling livestock. Emphasis is 
placed on rotating crops, building up soil, diversifying crops and 
livestock and controlling pests naturally. 

Low external input agriculture, while a big improvement on 
unsustainable Western agriculture, is sometimes promoted only 
for the improvement of poor farmers, while itis the rich who need 
it most. 

“No-till” agriculture attempts to minimize erosion and maxi- 
mize soil moisture content by not ploughing or disturbing the soil. 
However, inthe US, large quantities of toxicherbicides are used to. 
kill off weeds which would have been normally controlled by 
cultivation. There are increasing reports of serious groundwater 
contamination by herbicides in many regions where no-till has 
been extensively practised” Moreover, the other unsustainable 
practices of Western agriculture are not necessarily reduced. 
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Thereare several organic farming “cults” whichare notsustain- 
able because they tackle only part of the problem. In Europe, there 
are the Muller-Rusch in Germany, the Lemaire-Boucher system in 
France, the Biodynamics system which started in Switzerland and 
itsmodificationin Paris, the Biodynamic/French intensive method. 
In the US thereis the Rodale Regenerative agriculture system, and 
many other Alternative Agricul ture movements. Fukuoka’s Natu- 
ral Agriculture in Japan, probably goes furthest in sustainability, 
but it still has problems. 

In Australia there is Bill Mollison’s Permaculture. Mollison 
started out as a commercial consultant and is still promoting 
his system on a commercial basis, charging high fees for courses 
and publications. A commercialized system cannot recommend 
self-reliance simply because it would phase itself out, Mollison 
has written a “Designers Manual’,” in which he claims to be 
promoting natural agriculture, evidently not realizing the con- 
tradiction in designing Nature. Permaculture, like other agricul- 
tural (and non-agricultural) cults, promises instant, assured, 
environmental salvation, provided you join it and follow its 
design rules. This in effect removes all guilt for other environ- 
mental damage done and accounts for its spread like other viral 
ideas. 

Efforts are being made to switch over to what is called 
Alternative Agriculture, but while minor improvementsare being 
made in the reduction of synthetics, there is little reduction in 
the use of energy. Large farms and large machines are not 
considered abnormal. A 150 acre farm is considered small, while 
500 acres is a medium size, Attempts are being made to be 
“ecologically sound”, but this is limited to the farm and its 
surroundings. 

Organic farms which importlarge quantities of organic matter 
merely transfer unsustainability to the areas from which they draw 
them. Organic farming, therefore, is not necessarily sustainable, 
but it is a move in the right direction. 


The failure of the Western synthetic agricultural system could 
be imminent. Sustainable systems have therefore to be maintained 
and re-introduced as fast as possible. 

The evidence of the failure of Western agriculture has not 
been ignored by agricultural scientists here. Dr B P Pal, former 


The Western Cultural & Farming Systems 39 


Chairman, National Committee for Environmental Planning and 
Coordination, states: 


“Iemay be relevant topoint out thatmodern sophisticated 
intensive agriculture, with its large use of synthetic fertil- 
izers, pesticides, machinery and so on, has created prob- 
Jems of pollution and the degradation of theenvironment, 
... Itshould be our endeavour ... to evolve new systems of 
crop production in which the use of synthetic fertilizers 
and pesticides and heavy farm machinery would be re- 
duced and which would depend more on renewable 
sources of energy.” 


However, all this, while laudable, is insufficient to make the 
Western system sustainable. The Western system is structurally 
unsustainable. Unsustainability — and injustice — is inherent in 
every bit and part of it. Western culture has exploitation built 
into and hence inseparable from it. Making a change here and a 
change there, patching and repairing, will not make it just and 
sustainable. For that to happen the whole structure needs to be 
cee that many of the ancient “civilizations” collapsed 
suddenly. Western scientists now say that such collapses are 
normal for complex systems. But itis only unsustainable complex 
systems which can suddenly disintegrate, not sustainable ones. 


Chapter 4 


The Diversion of Food 


There is little point in making agriculture itself sustainable if its 
products are used unsustainably.’ Agriculture's first purpose 
should be tofeed the country's population ina wholesome manner 
and then to provide the raw materials for basic necessities such as 
fibres. Until these objectives are satisfied, the diversion of agricul- 
ture and the food it produces to other purposes must make the 
system less justand sustainable. Itis not food production but food 
availability to those who need it that is the criterion. This problem 
was discussed by Susan George in her books as long ago as 1976, 
but little of it has trickled down to planners and scientists who 


lat food andagriculture. The Indian situation will bediseussed 
ere. 


The Situation 

What, how and how much agricultural produce can be supplied 
depends on the resources locally available in the region and for 
what purposes they are used. These resources, therefore, should be 
allocated according to priorities that justice and sustainability 
demand. Yet the Western system fixes targets of consumption — 
or rates of increase in consumption — and then selects means of 
attaining those targets with no regard for the sustainability of the 
system. 

Dire predictions of famines in the style of Ethiopia and Sudan 
are being made for India in the near future, with the growing of 
more food for a rising population seen as the most pressing 
agricultural problem. Based on the population rising at about 
2% per year, it has been estimated that by the end of this century, 
240 million tonnes of foodgrains per year will be required, as 
against the present production of 170 million tonnes, an increase of 
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about 40% in less than 7 years.*Itis assumed that similar increase 
in other types of foods and all other agricultural produce and non- 
agricultural products need to be grown or manufactured or im- 
ported ona proportional scale. 

These projections are made on the basis of present consump- 
tion patterns derived on the basis of the development path set by 
the West, with no consideration for resource constraints and the 
pollution that such use will engender. 


Even today, the food thatis being produced is not theoretically 
balanced according tonutritional requirements. The Indian Coun- 
cilof Medical Research (ICMR) has said thata balanced dict for the 
averageadultisoblained with about 400 grams/day of cereals, 85 
grams of pulses, 28 grams of fats, 57 grams of sugar, 258 grams of 
vegetables and fruits and 170 grams of milk. 

Sucha breakup canbe questioned because of itsrigid classifica 
tion since each of the items listed has varying quantities of nutri- 
ents,as well as because the dietis notone which the poor canafford. 
Further, comparing figures of the annual production of a few 
selected crops with an average figure for human requitementsis of 
little value when the processing and sale of the produced crops 
determine who will finally consume them and for what. 

However, using the ICMR figures is revealing. For a popula- 
tion of about 900 million people, a minimum of 132 million tonnes 
of grains per year isrequired to supply most of our carbohydrates. 
More than 170 million tonnes of grains arealready being produced, 
leading to the claim that the country is self-sufficient in food, not 
merely carbohydrates. Yet over 300 million people are malnour- 
ished. 

The requirements of pulses, which supply most of the proteins 
required, is 30 million tonnes, whereas present production is less 
than half that, about 14 million tonnes. The per capitaconsumption 
has dropped from 70 grams in 1961 to 40 grams in 1993, less than 
half that requiredS The per capita consumption of fruits and 
vegetables is 60 grams and 75 grams whichis far below the dietary 
requirement of 85 grams and 200 grams, respectively.“In addition, 
itis claimed that about 10 million tonnes of fats, 19 million tonnes 
of sugar and 56 million tonnes of milk are required. 

Moreover, such figures hide the fact that the affluentconsume 
much more and the pauperized much less than the average. In 
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1992, 29% of the urban and 33% of the rural populationlived below 
the poverty line, and at least 37 million children in India were 
undernourished.’ Such undernutrition leads to increasing illness, 
decreasing initiative, imagination and creativity, resulting in a 
further decrease in production and a vicious spiral of unsustain- 
ability. 

Although some food is also obtained from meat and fish and 
wild plants growing in forests and “wastelands”, it is evident, 
therefore, that while production in some categories is high, food is 
not even theoretically available in sufficient quantities for all the 
population’s basic requirements. People are malnourished be- 
cause they arenotina position togather, grow orbuy the food they 
need. People cannot afford to buy enough food because the 
processes of “development” are causing the prices of food to rise 
while simultaneously impoverishing them. 

Official estimates of future food needs are based on assump- 
tions that present land use and cropping patterns — by no means 
sacred — remain unchanged. This also masks the fact that existing 
inequalities will be perpetuated. 

Any diversion of food, water, land or fertilizer from direct food 
production which is accessible to the poor to any other non- 
essential sector of the agro-industrial system can only make the 
situation worse. Any process that makes less food available, raises 
food prices, or makes people ill, adds to unsustainability. 

Further, the nutritive value of food is being reduced by 
contamination, by unnecessary “value-added” processing and by 
commercialized plant breeding, Food is being exported to carn 
foreign exchange. Grains that can be eaten directly by people are 
used for animal feed. 

The amount of food available is determined by the amount of 
land on which food crops are grown, by themethods of cultivation 
practised, by the vagaries of the climate, by deforestation and 
erosion, by public policies and private greed. Land is being di- 
verted from growing food to cash crops for export or non-basic 
needs and for “social forestry”, The amount of uncultivated food 
gathered is being reduced by further enclosure or degradation of 
common property resources: forests and pastures, tidal and estu- 
arial flats, water bodies, and so on. 
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The Diversion of Food 

In the “advanced” countries, which we are struggling so hard to 
emulate, very little food reaches the consumer in its natural state. 
Virtually all foodstuffs are elaborately processed, packaged, and 
transported over long distances, with sites of consumption widely 
separated from those of production. The system has been made so 
totally dependentoncheap energy, that people will starveif forany 
reason fuels for transport are no longer available. 


Processed Foods : 

Much food can be eaten raw but some must necessarily be pro- 
cessed first. Dehusking of grains and grinding are essential. Other 
essential food processing consists of oil, sugar and jaggery extrac~ 
tion, Home processing consists of drying, salting, pickling and 
preserving, enabling foods available in a particular season to be 
stored and used over a longer period, at little extra cost. However, 
food processing has been industrialized nd theindustry promotes 
itself as if it were introducing the latest technology, but hundreds 
of fruits, vegetables, tubers, etc., were and are being processed by 
women in homes. 

Fresh foods — or home processed ones — are almost always 
healthier to eat than commercially processed foods, and a smaller 
quantity of the former is required to give equivalent nutrition. 

The industry claims that foods need to be processed ona large 
scale to prevent wastage, to be transported long distances and /or 
to make it more convenient to use. In reality, processing is mainly 
being carried out to cater to the needs of the urban affluent, to 
handle monocrop production, to earn foreign exchange and to 
provide profits for agribusinesses. Theindustry takes cheap, easily 
available food and processes itinto expensive commodities which 
the impoverished or even the middle classes are unable to buy. 

This industry maintains that “only” 12% of agricultural raw 
materials and less than 10% of the fruit and vegetable production 
of over 40 million tonnes and around 30 million tonnes are 
processed.’ It points to the fact that 70% of food production is 
processed in some “developed” countries, as if that were a big 
contribution to humankind. : 

Every year, itasserts, around 25 to 30% of fruitsand vegetables 
valued at Rs 3,000croreis wasted, due to poor harvesting, storage, 
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transportation and post-harvest processing. In addition, inad- 
equate storage destroys 20% of the total foodgrains output? One 
does not see any wastage in villages where food is grown for local 
consumption and stored in pest-proof home containers. 

Much of the wastage appears to arise from large Westernized 
farms, openairstorageof procured grains, long distance transport 
and remote consumption. Wastage occurs only when too much 
food is grown as a cash crop and/or when food processors and 
exporters manipulate the market and prices drop. The industry 
contradicts itself by simultaneously complaining that it cannot get 
enough raw materials for processing and, therefore, wants to own 
large captive farms. 

The exacting requirements of the processing industry pro- 
duces more waste. A 5 tonne order for papaya slices was recently 
reccived from Europe. The order specified that each slice should be 
12.5 cmin length (plus or minus 1.25 cm) and 7.5 cm in width (plus 
or minus 1.25 cm). But no two papayas here are of the same size. 
The European Commission has specific regulations about the 
curvature of cucumbers packed in boxes (“of standard size”, it 
said) fromas far back as 1988." An Indian firm which had installed 
a 20 tonne per hour processing plant, ordered pineapples from 
West Bengal to fulfill an export order. Most of the fruit perished 
during the six-day journey to Maharashtra." 

‘There is enormous wastageinchicken processing, forinstance, 
Actual rural users still usenearly every partof the chicken from the 
flesh of its claws to the head, but only selected parts are available 
in Bombay’s stores. 

Food gets wasted when luny distance transport systems break 
down. During the January 1993 riots in Bombay, thousands of 
farmersin the hinterland were unable to sell their watermelon and 
other perishable crops because trucks feared to move into the city. 
Wastage of food also occurs when the use-by date of processed 
food is passed. 

The pressures of commercialized Western food processing 
also results in loss of genetic diversity. Papayas for export will 
have to be bred so that they all grow to the same size, their taste 
or nutritive quality being immaterial. Most apples in the West 
come from just half a dozen varieties — usually chosen for their 


red shin or because they travel well rather than for their good 
taste. 
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Itis claimed that the “food processing industry is heralding.a 
revolution of new technologies”, among which are individual 
quick freezing (IQB), pre-cooling cold chains, and vending ma- 
chines.** Many of the processed foods require refrigeration during 
transport, in stores, as well as in homes. The storage temperature 
has to be carefully controlled. This demands appropriate systems 
of cooling from the moment the fruit is picked to the time it is 
purchased by the consumer, with each type of fruithaving its own 
specific temperature requirements." Food gets spoiled if it is kept 
too long or at incorrect temperatures and when refrigeration 
systems breakdown; power disruption during IOF processing can 
destroy theentire batch of fruits. Whilenormal refrigeration plants 
consume much energy, expensive IOF plants are evenmore power 
intensive. Suchenergy consumption usesnon-renewableresources 
and increases pollution. 

Food thatis kept for several days in stores often needs specific 
forms of protection, sometimes involving the use of pesticide 
treatment, to protect against a range of post-harvest pests and 
diseases. Fruits and vegetables have to be free from the least 
blemish according to official standards, Farmers spray extra pes- 
ticides to ensure this, for they would otherwise have to sell their 
produce at lower than premium prices. 

Mangoes need to be picked early in the day and cooled 
immediately to 12-15 degree C, waxed to minimize water loss, 
treated with insecticide to prevent the spread of fruit fly and the 
mango stone weevil and immersed ina fungicide suchas benomyl 
to control anthracnose, far langer shelf life required when sent to 
distant markets.* Citrus fruits are treated with one or more 
fungicides before storage and dispatch, since they can rapidly 
develop stem-end rots and other fungal storage diseases. One of 
the common fungicidesused is Benomyl, which hascaused cancer, 
birth defects, and testicular damage in animal studies. It is a 
probable carcinogen and teratogen. 

In the US, processed and packaged foods are subject to strict 
cosmetic standards with extremely low tolerance levels for insects 
or their fragments. These criteria have no relation to nutritional 
quality, flavour or food safety. Processing firms support these 
criteria since they can offera lower price for food thatdoesnotmeet 
the highest cosmeticstandards. Such standards promote the use of 
pesticides since the farmers have to meet grading criteria, thus 
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ironically increasing residues of pesticidesin food thatis supposed 
to be safe to consume.”” 

Processing firms play a major role in inducing farmers to 
switch over from traditional to Westernized agriculture, offering 
packaged deals of special seeds, fertilizers and pesticides, and 
promising to buy back all their produce. The market economy, 
however, ensures that processors will not buy from them when 
demand goes down or when they can obtain the produce cheaper 
elsewhere. The firms then reject the contracted produce for spuri- 
ous reasons such as that :hey are slightly damaged or unripe, and 
sobelow “standards”. Yetitis proposed that there should be wider 
adoption of contract farming, with TNCs being considered ex- 
amples to be widely imitated. 

The commercial processing of fruits and vegetables raises 
the cost of obtaining adequate nutrition. Profits can only be 
made if the sale price of processed food is much higher than 
that of the unprocessed raw material. The processing industry 
admits that “the consumer was forced to fork out three to four 
times the actual value of the product when he bought processed 
food”. 

Fresh, cheap food is taken out of the market by the processing 
industry and economic value added to it while simultaneously 
subtracting nutritive value, since the price per unit of nutrition is 
increased, while processing itself causes nutritional losses. The 
industry creates malnutrition; it is a “hunger business”. This 
commercializing of fresh foods forms a dietary colonialism im- 
posed on the poor, forcing them to imitate the unhealthy, expen- 
sive eating patterns of the rich. 

‘Thefood industry is threatening “truly revolutionary change”, 
“a blurring of the line between food and pharmaceuticals”, in the 
next century. It sees “a carefully selected array of products mar- 
keted as part of a total dict’."* 


Processing provides tinned mangoes for the rich throughout 
the year, while the impoverished can no longer afford them in 
season. Food is effectively transferred from the impoverished to 
the affluent. No amount of processing of mango juice canequal the 
nutrition or flavour of a fresh, ripe mango, so extensive and 
expensive ad vertisingis required tomake peopleacquirea taste for 
the tasteless. 
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The food industry openly admits that it is not interested in 
feeding people but in profits. A market report published by the 
Indo-German Chamber of Commerce states: 


“There are tremendous opportunities in the food business 
in India. Considering all the anti-poverty programmes 
and the economic growth, the class who can buy has 
grown steadily from 50 million to 150 million and may go 
up to 200 million by 1995. There isa market forevery price 
segment. For example, whereelsein the world can you buy 
biscuits from Ks 8 to Ks 80 per kilogramand cakes from Rs 
35 to Rs 350 per kilogram except in India?”” 


If you can’t buy bread, eat cakes? 

At the time of approval of its project, Pepsico boasted that it 
would process 25% of the fruits and vegetables grown in Punjab. 
The company set up processing plants with an annual capacity of 
25,000 tonnes of potatoes and 5,000 tonnes of maize.” Pepsico 
promised to bring abouta “horticultural revolution” in Punjab but 
removing, such large quantities of food from the normal market 
simultaneously brings about an anti-nutrition revolution. Pepsi’s 
customers “benefit” by the high prices they pay for its products. 
Potato chips are sold at Rs 200 per kg; an unskilled worker in 
Bombay would be able to purchase just 2.5 kg with his/her 
monthly salary. Potatoes themselves cost about Rs 4 per kg, 
without their moisture, at most Rs 12 per kg. 

McDonald’s is starting with vegetable and chicken fast 
foods, but it must be having beef hamburgers waiting in the wings; 
an ideal food technology promoted by the largest killer of cattle 
on earth, fora nation of vegetarians in the land of the sacred cow. 
Then there is Coca-Cola, its stated intention being to make its 
presence felt in every home in the world with its drinks, and that 
marvel of modern multinational food technology, “stackable po- 
tatochips”. One has to admire Coca-Cola’s consideration for those 
who have no space to keep unstackable chips in their little sham. 
hovels. 

Other foods which the TNCs are going to provide for poor 
starving Indians are Japanese raw fish paste for those who hayeno. 
fuel to cook with, cakes that have a shelf life of nine months for 
those who don't get their daily bread, and “glitzy” wines for those 
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who have no water to drink. 

To help all this essential activity, the government plans to set 
up 250 food processing centres during the Eighth Plan period. 
This, it is claimed, will provide “a food carnival, (a) fiesta for the 
Rs 25,000 crore Indian food processing industry...” 22 But not for 
300 million people. 

it seems strange that India should need to invite TNCs which 
can only provide junk food for the affluent, when the “manufac- 
ture” of that food deprives the already malnourished majority of 
some more of the food they desperately need to survive. 

Fortunately, many of these firms “manufacturing” hamburg- 
ers, hot dogs, fried chicken and so on, have collapsed because they 
cannot compete with traditional foods available in a wider variety, 
much cheaperand more nutritious, from waysidehawkers. So, the 
processing industry claims that hawkers’ foods arc unhygienically 
prepared and dangerous to eat. Though a few may be so, the 
industry’s foods are not much better. Many processed foods in the 
UK and US have been found to be infected with salmonella and 
campylobacter, micro-organisms which cause severe illness and 
often death. In Bombay, packaged bread and biscuits regularly 
causes food poisoning to school children to whom they are distrib- 
uted free. Further, while the bacteria that possibly contaminate 
hawkers’ food are claimed to be harmful, the toxic pesticide 
residuesand additives that processed food contains arenot consid- 
ered dangerous. Moreover, most Indians are immune to the 
normal bacterial contamination of food while noimmunity can be 
built up against synthetic toxins. There is danger in using hygienic 
processed foods since that does not give the consumer's body a 
chance to develop immunity. 

Department stores and other big traders of packaged foods, in 
their desire to capture markets, put pressure on municipalities to 
prevent hawkers from operating, by blaming them for blocking 
traffic. Flat-owners often discourage them from coming in because 
they consider them “undesirable characters”, ignoring their contri- 
bution to fresh food and purchasing convenience. Inaddition, they 
are self-employed, contributing more to employment generation 
than big stores. 

The processing of food takes many forms, producing an 
equivalent number of harmful effects. Rice is “polished” because 
eating white rice is promoted as being socially superior to eating 
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brown, though business does not publicize the benefits that accrue 
to it. From 700 kg of unpolished rice, about 180 kg of rice bran are 
obtained.* This bran contains vital proteins, fats, vitamins such as 
those of the B-complex group, and other nutrients which are lost 
to those who eat polished rice.* Deprived of essential nutrients, 
people have to replace them by buying other more experisive 
foods, though the TNC pharmaceutical firms are so kindly willing 
to help with their bottled vitamins. 

The processing of raw grains into infant foods and breakfast 
cereals reduces what is available for direct consumption. Finger 
millet (nagli, ragi) is priced out of the reach of the poor because it 
is being purchased by food processing units. Home produced 
weaning foods are being eliminated by high-priced industrial 
ones. The indusiry has targeted the entire child population in the 
age group of I-4 years, and calculated that they can sell 2.5 million 
tonnes of weaning foods, at 100 grams per day per child.” 

Compounded foodsare being ad vertised as “Complete” foods; 
these may be artificially balanced in the main needs but malnutri- 
tion isbeing exacerbated since the cost per nutrientismuch higher 
than what would be obtained froma mix ofnormal foods.“Conven- 
ence” foods release the energies of people to earn the money 
tequired to buy the convenience foods; people are processed just 
like the foods they eat. 

Biscuits are being promoted on TV, while in remote villages 
grocers are encouraged to give customers biscuits instead of small 
change. A child died of malnutrition a few years ago because he 
had hecome addicted to biscuits and rejected traditional finger 
millet porridge. His mother thought that she was buying the best 
food possible, because it cost more than five times what she paid 
for millet. Life itself becomes a raw material for making profit. 

Traditional sweeteners, such as gur (unrefined sugar),contain 
vitamins, iron, calcium and phosphorus while “refined” white 
crystal sugar has none. In 1977, traditional sugar constituted 56% 
of all sugar produced; by 1985, it was less than 40%. Where pre- 
natal and neo-natal anaemia are common due to other sources of 
under-nutrition, unrefined sugar could be a valuable source of 
easily assimilable iron and vitamins. Instead, massive program- 
mes have been devised to provide synthetic iron and vitamins for 
young children and women.” The production of gur is being 
discouraged because it is considered “inefficient” in extracting 
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sugar from cane, while the loss of nutritional efficiency produced 
by “refined” sugar is ignored. In Maharashtra a special permit is 
now required to make gur by traditional] methods. 

The promotion of processed milk powder by TNCs, asa better 
alternative to breast feeding, isan example of how natural and free 
processes are displaced by the invasion of expensive, damaging, 
value-added methods of answering a basic need. Breastmilk is 
nutritiously the best food for babiesand cannot bereplaced by any 
synthetic substitute. The former also transfers immunity to many 
commondiseases from mother tochild. Because milk powder isso 
expensive, impoverished mothers tend to use less than what their 
children require, thereby starving, them. The water used for mak- 
ing the formula may be polluted or the bottles may not be washed 
and sterilized properly, leading to further opportunities for infec- 
tion. [thas been estimated that millions of infants have died or have 
been physically and mentally harmed by just this one processed 
food. Breast feeding for the newborn, at least during the first 4 
months, can save the lives of more than a million children a year. 
Further, mothers who breastfeed their children have amuch lower 
risk for breast and uterine cancer.” To “solve” this problem, 
genetic engineers have produced a bull having the human gene 
which produces the protein called lactoferin. Lactoferin is part of 
a human being’s natural defence against infection.» 

However, anew problemhasnow been uncovered. Baby foods 
in the UK have been found to have levels of aluminium high 
enough to cause harm. The manufacturers, however, say that they 
will not withdraw any products until the governmentorders them 
todoso. Thereisno reason to believe that baby foods sold here will 
be less contaminated.” 

Most commercially processed food is unappetizing, and so 
requires attractive packaging to ensnare people into buying the 
product, adding topricesand unsustainability. Packaging requires 
scarce raw materials and energy in the manufacture of packaging, 
materials, their transport and so on. 

PVCisused for food packaging, particularly of edibleoils. PVC 
contains vinyl chloride monomers, which leach into the food 
product and can cause cancer. PVC bottles are banned for food 
applications in the US and other countries. Because of the high 
ambient temperaturesin Indiaand the wide variety of oils used, the 
problems could be much greater here.” 
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Packaging is becoming high technology: “Special modified 
atmosphere packs, tailored to specific crops such as apples or 
tomatoes, as well as novel coatings to preserve processed fresh 
vegetables could transform the fresh (sic) produce market”. 

The acceptance of the new GATT proposals will lead to 
increased corporate concentration in the processing sector with 
their own “factory farms” to cater to demands. Efforts to “harmo- 
nize” regulations to eliminate “trade barriers” are likely to be 
simply means to dilute strict contamination laws. 

It is claimed by the high-sounding International Commission 
of Peace and Food, headed by M S Swaminathan, and promoted 
by agribusiness, that it is possible to provide 100 million jobs in 
ten years, thereby solving the unemployment problem. This is 
to be accomplished by developing agro-industries, increasing 
agricultural exports and commercializing the sector. To cover 
such absurd policies, the government claims that the promotion 
of exports will increase employment in rural areas, counteracting 
the unemployment produced by other structural adjustment 
programmes. What is not stated is the number of people that 
the industry will dis-employ. The food products that are 
being exporied are either already being grown or will be grown 
specially for export. In the former case, the fruits and vegetables 
were being sold locally in the weekly bazaars or sent to cities to 
be sold by individual hawkers or in markets. All who were 
employed in this trade will lose their income. If the food products 
are to be specially grown it would mean those employed in 
growing crops, or grazing animals, etc., on the land being used 
for export crops, would be displaced. There is no “waste” land 
in India; all is being used though it may not enter into the eco- 
nomic system's calculations. Even assuming that it does produce 
jobs, of whatuse willincomebe when food isexported and somade 
too expensive to be purchased locally? 

A basic need — food — which was simply, cheaply and 
sustainably furnished earlier is now madecomplicated, expensive 
and an unsustainable product by commercialization. Commercial 
processing is a process of enclosure by agribusiness, preventing 
people from directaccess to their own food unless they havemoney 
to buy it back. The expansion of the food processing industry, 
removes the freedom of choice toconsume pure, safe, unprocessed 
food. 
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Additives 

Certain natural ingredients have been used in small quantities to 
preserve foods for centuries. Salt, vinegar, lime juice and saltpetre 
are still used, But the use of additives was very limited till the 
supply and distribution of food became commercialized. The food 
processing industry promoted the consumption of food grown in 
distant places and during all seasons, requiring that the preserved 
foods have along shelf life. So, they are boiled, pasteurized, frozen 
and sterilized, and chemicals areadded to kill bacteria thatdecom- 
pose foods. But these processes destroy the natural flavours, 
colours and aromas. 

Thus, additives are required to disguise inferior food 
characteristicsand simulate good ones. Processed foods tend to be 
full of salt, sugar and fat which are known to be harmful in 
excessive amounts. After making people unhealthily fat, the 
Western system then provides processed “diet” foods to make 
them slim again. Human beings are being processed to feed the 
GNP. 

Processed foods are promoted so that people who donot need 
them, eat them. In order to competeand sell more, processors must 
find some quality which they claim is better than that of their 
competitors. 

Synthetic dyes are used to render them more attractive; some 
packaged peas have a virulent green colour that “runs” when the 
peas are cooked. Flavouring agents are used to increase the 
consumer's appetite irrespective of the food's nutritional value. 
Ice-creams contain several stabilizers. One of them, carrageenan, 
has produced ulcers in the digestive tracts of at least three species 
of animals.* A loaf of white bread may have over 30 added 
chemicals. One of these, potassium bromate, is used primarily as 
a maturing agent in flour and as a dough conditioner. Itis known 
to produce cancer. Yet itis currently approved in the UK for use in 
“improving” flour. In India, the additives used are not listed on 
wrappings. 

The food industry claims that the additives are not dangerous 
or are less dangerous than naturally occurring chemicals in foods, 
but it simultaneously asserts that it will soon replace synthetic 
additives with chemicals produced by using biotechnology. Such 
products, industry says, are “natural” and hence do not need 
legislation for control or toxicological testing. However, analtered 
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gene is itself a food additive, which could produce unknown 
harmful factors. 

In 1990 in the US, about 1500 people fell ill and 27 died after 
consuming L-tryptophan, a food additive produced by Showa 
Denko in Japan. The firm used a genetically engineered strain of 
Bacillusamyloliquefaciens to produce its L-tryptophan.“ The tests 
revealed that L-tryptophan, while not itself toxic, was damaging 
the pancreas. The problem was traced to a chemical called EBT, 
which was formed whenacetaldehyde, commonly produced when 
alcohol oxidises, reacted with L-tryptophan. Although L-trypto- 
phan is a natural amino acid, it is present in the body as part of 
larger proteins, and almost never in the free form that was sold as 
a food supplement.” 

There are also several additives, introduced into the food 
supply by Westernized agriculture itself, and unlisted on the 
container labels of processed food. They include fertilizers, pesti- 
cides, plant-growth regulators, and antibiotics fed to livestock. 
These can be harmful to humans at high doses or after prolonged 
exposure at low doses. The cancer-causing chemicals are well- 
known, but the additives can also have behavioral effects, damage 
the immune system, cause allergic reactions, and affect the body in 
other ways. 

Very few of the chemicals used have been tested for human 
health effects, for instance, only 10% of the ingredients in pesti- 
cides. Of those tested, 30% of the insecticides, 50% of the herbicides 
and 90% of the fungicides have been found to cause tumours in 
laboratory animals.” 

The general manager of the Food Ingredients Division of 
Rhone-Poulenc states the food ingredient market is worth 
around $10,000 million. He claims that preservation techniques 
have enabled the food industry to introduce “instant, 
pre-mixed and aerosol forms of products, as well as better fla- 
vours and new textures. These have enabled food ingre- 
dient suppliers — mostly represented by the large chemical 
manufacturers, including Dow Chemicals, Hoechst, Monsanto, 
Rhone-Poulenc and Mitsubishi to meet vital challenges in the area 
of food ingredients”.° The vital challenges in the area of food 
ingredients produce even more vital challenges to the survival of 
the impoverished. 
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Genetically Engineered Food 

Biotechnologists claim that they are going to revolutionize agricul- 
ture by the introduction of genes to raise yields, increase pest 
resistance and soon. But theeffectssuch interventions will haveon 
the food value or toxicity of the altered plant is usually unknown, 
as the L-tryptophan case has shown. 

In 1990, Britain became the first country in the world to 
approve such a food, a yeast whose genes were modified to 
produce carbon dioxide more quickly, and so make bread rise 
faster. No bakeries are using the yeast, because they fear the 
public is not yet ready to welcome such food into its diet. There 
has been only one approval of a genetically engineered foodstuff 
in the US. This is chymosin, the enzyme used to “set” cheese. The 
enzyme is produced using Escherichia coli bacteria with intro- 
duced genes. 

Other foods that could soon be introduced are oils thatare low 
in unsaturated fats, fish that grow fast on mammalian hormones 
and plants which produce their own pesticides. 

There are several dangers that could arise from the use of 
genetically altered foods. The extra genetic material may be 
transferred to humans. If the genetic manipulation involves 
deleting a gene, then other vital genes could simultancously be 
deleted, The genctic change to a plant or animal may reduce 
its nutritional value, such as vitamin content, or it may increase 
the quantity or type of natural toxins, unless the genes are ex- 
pressed only as planned. A plant engineered to produce a toxin 
that acts against pests should not produce that toxin in its edible 
parts. 

If fruits and vegetables are grown to be transported long 
distances, then they must be bred for packaging and keeping 
qualities, not for nutrition. A Californian company, Calgene has 
developed a genetically engineered variety of tomato that stays 
firm longer on the shelf than normal tomatoes. The technique 
requires that an antibiotic-resistant gene be introduced into 
the tomato as a marker. The gene contains the code for an 
enzyme that blocks the Icthal effects on bacteria of the common 
antibiotics, neomyin and kanamycin. Such genes are expressed 
in every cell of the plant. If ingested in large enough quantities, 
the enzyme could disable antibiotics used by a person who 
is ill." Similar genes are being placed in dozens of varieties of 
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produce. Other potential health hazardsincludeengineered plants 
that have increased levels of toxic chemicals and those that cause 
allergy. 

Food developersin the US can apply for genetically engineered 
food to be approved on the grounds that it is “generally regarded 
assafe” (GRAS). The Environmental Defense Fund, a US NGO, has 
petitioned the US government toapply its rules for food additives 
to genetically engineered food, thus requiring extensive proof of 
safety.*“ Similar action is required here. 

The minimum requirement would be for all genetically modi- 
fied foods to be labelled as such, so that consumers can have the 
choice of rejecting them, 


Distant vs Local Consumption 

While neighbouring farmers and non-farmers can barter their 
produce, large scale agribusiness requires vegetables, fruits, milk 
and meat to be transported long distances, by trucks, railway 
wagons, and/or aircraft. Consumers are conditioned to demand 
all varieties of vegetables and fruits even when they live far from 
the region in which they are naturally grown, thus creating an 
unsustainable dependency on energy for transportation, refrig- 
eration, packaging and so on. It is only because of the external- 
ization of energy and environmental costs that fruits and vegeta- 
blescan beconsumed far from the growing regions. This was made 
glaringly obvious by the rise in fuel costs and shortages caused by 
the Gulf crisis. 

A sizeable part of the fruit and vegetables produced is packed 
and transported long, distances in wooden or bamboo baskets, 
requiring considerable deforestation. Although bamboo baskets 
are also used for local transportof food, theseare generally re-used 
as much as possible and then recycled, but it is impossible to take 
them back from cities to their villages of origin. 

The promotion of apple growing in the hills of Himachal 
Pradesh has been hailed as an important horticultural achieve- 
ment, but it is a prime example of what occurs when self-reliance 
is abandoned. Large areas of forests were clear felled for apple 
orchards. The need to sell huge quantities of apples above local 
requirements, meant thatapples have to be transported to Bombay 
and other faraway sites. In 1987, nearly 9 million cubic metres of 
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wood were required to make more than 66 million packing cases 
for one million tonnes of apples. However, the actual removal of 
wood by logging, in natural forests would have been about ten 
times higher. The boxes were supplied to apple growers at a 
subsidized rate of Rs 10 against the actual cost of Rs 17 cach. If all 
the wood removed was sold at Rs 2,400 per cubic metre, instead of 
the subsidized rate, the income would be Rs 216 crore for the 
recorded removal.” 

The president of the Himachal Pradesh state fruit growers’ 
assuciation said applegrowers are hardly able to meet their costs, 
and so require further price support from the government. But 
apples should not be subsidized since they are not an essential 
food. Apples have nvach less iron and vitamins A and C than 
guavas, for instance, which grow all over India and are much 
cheaper even though theyare unsubsidized. The processing indus- 
try also causes large scale pollution at their plants.” These are just 
part of the environmental and social justice costs which an apple 
or other transported fruit “contains”. 


Exports 

Even though about 30% of the population do not have enough 
food to eat, more thar 90% of the agricultural exports consist of 
about 300 food items, Foods, of the best “export quality”, are 
being sent abroad in increasingly larger quantities. When export- 
ed, their local prices shoot up. Foods which were formerly cheap 
enough for the poorest to buy are now priced aut of their budgets. 

Food exports effectively impoverish people since they either have 
less to eat or spend more of their income on food. If food exports 
continue to grow, itcan only be at the cost of the further malnutri- 
tion of the pauperized. 

In the 1960s, bananas, the common citizen’s fruit, began to be 
exported to the Gulf countries in large quantities. They soon 
became tooexpensive for thecommon citizen to eat. Mangoes were 
earlier often available for the plucking, now with mangoes sold at 
up to Rs 250 per dozen in Bombay, middle class people can no 
longer afford them. More than 40% of the total mango production 
is exported now. This is nearly 30,000 tonnesa year, and the plan 
is to double this in the next five years.” The best groundnuts, hand 
picked and selected (HPS), are exported, leaving the “rejects” for 
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us, It is expected that about 75,000 tonnes of groundnuts will be 
exported in 1993-94. 

During 1992-93, 208,000 tonnes of marine products were 
exported.” Over 60% of the population consume fish, with the 
per capita consumption being only 3.5 kg as compared to other 
countries like the US (15 kg) and Japan (42 kg).” If retained, 
home consumption could increase by more than 10%, but we are 
so generous that we send most of the marine exports to the 
protein-starved Japanese and Americans. In modern economics, 
the loss in food consumption resulting from the introduction of 
new Westem technology cannot be taken into account, since the 
net would always be negative. 

Fruits, vegetables, processed food and meat worth Rs 1419 
crore, rice (Rs 900 crore), cashew nuts (Rs 822 crore), oilseeds (Rs 
1420 crore), and other products valued at over Rs 1300 crore, were 
exported in 1992-938 

Ttis true that only about 1% of the total agricultural production 
and, in the case of fruits and vegetables only 0.5% of the total 
production of 70 million tonnes, is being exported. But these are 
not by any means surplus, and are often the most appreciated 
varieties, cultivated only in a few regions where the soil and 
climate are suitable. In such regions, the extraction rate could be 
very much higher than 1% and may even reach 100%, 

About 100 tonnes of fresh fruits and vegetables were formerly 
dispatched every day to the Gulf countries alone. When exports 
to the Gulf dropped during the war, fruits were available at fairly 
low pricesin Bombay. Theimpoverished benefited alittle but have 
lost again as exports rise even further. 

The new liberalization process is aimed at commercializing, 
agriculture so that production for export is given priority over 
provision of food and other basic necessities. Such a bias has 
already resulted in corresponding food shortages, higher prices 
and general impoverishment. 

By catering to the imported wants of the affluent class, the 
country has fallen into a debt trap, like any small farmer snared by 
the village moneylender into economic bondage. The West is not 
interested in importing our industrial goods which compete with 
theirs — witness all the barriers (the Multi-Fibre Agreement, 
antidumping duties, Special 301, pseudo-green considerations, 
otc.) effectively being, raised. An increasing proportion of the 


5 
s Tending The Earth 


foreign exchange supposedly required must, therefore, be ob- 
tained by the export cf food and other agricultural produce, 

__ TheNational Agricultural Policy, therefore,lays specialempha- 
sis on export-oriented agriculture and the promotion of agro- 
Processing. A numberof policiesand support measures are being, 
adopted to achieve an increase in the exports of “agricultural 
surpluses” to about Rs 18,000 crore by the year 2000.” It is 
extremely doubtful whether we will ever be able to producea truly 
exportable surplus after feeding all the population satisfactorily. 

Hindustan Leverisa major exporter of riceand vanaspati, The 
chairman of the company, some years ago, advised the govern- 
ment in a confidential report that agricultural exports should be 
freed from “local demand pulls” so that India can establish itself 
abroad as a reliable st pplier* The WB and the IMF go further, 
stating thatinternal demand has to be reduced —even though. that 
would mean further malnutrition and starvation — in order to 
export food. 

The government, responding to the arm-twisting of the TNCs 
and the WB/IMF combine, nee to remove all Pe eee 
exportsof rice, cotton and other agricultural productsand to make 
an unambiguous policy commitment to maintain farm exports 
irrespective of the domestic demand. Stability to agricultural 
exports will be obtained by going in for imports, if necessary, to 
meet domestic demand. This reveals that it was nover a question 
of exporting surpluses. 

_Inthe policy of April 1992, forty sixitemsare in the list of foods 
which can beexported withouta licence; among them basmati and 
non-basmati rice, wheat, wheat flour, barley, maize, pearl millet 
sorghum and finger millet. Items which can be exported with a 
licence include all whole and split pulses and paddy. The prices of 
nearly all these havealready risen considerably in the last year and 
are bound to rise further.” In 1993, it is still planned to export 
pea meres of rice, even though the expected total production 
ol million tonnes is just enough 
ee eae j igh to meet the present skewed 

Grains are exported at prices lower than what the government 
sells through the public distribution system (PDS). The impover- 
ished must subsidize the luxuries of the foreign and local rich. 
Sugar was exported at Rs 6.45 per kg in January 1993, while it was 
selling at Rs 9 per kg in the PDS 
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In August 1991, the government permitted the export of 
700,000 tonnes of non-basmati rice (about 1% of total rice produc- 
tion in thecountry) and one million tonnes of wheat. About 600,000 
tonnesof wheat was exported at $95 per tonne." The priceobtained 
for rice was about Rs 6.50 per kg at the devalued rate of Rs 25 per 
dollar Atthe pre-devaluation rate, it would be about Rs4 per kg. 
On theother hand, thecoarsest variety ofriceavailablethrough the 
PDS cost about Rs 6.50 per kg. 

Liberal exports led toa rise in thedermand for grains, with the 
result that farmers sold much of their output in the open market, 
rather than under the government procurement scheme. This in 
turnled toa drop in government stocks. Since the supply position 
could only get worse till the 1992 kharif harvest, the government 
announced at the beginning of that year, that it would import one 
million tonnes of wheat to keep down prices.* With this an- 
nouncement, the world prices of wheat rose immediately from 
$110 to $180 per tonne. 

The government had hoped that it would import the wheat 
from the US under its subsidized Export Enhancement Program 
(KEP). But the US government, in order to put pressure on India to 
changeits patent and other trade laws, refused todoso. Itgave the 
flimsy excuse that India had exported rice to Cuba, the US’ 
“enemy”, and that the EEP was only meant for regular’ purchasers 
of wheat from the US. At that time India had agreed to export just 
10,000 tonnes of rice to Cuba for purely humanitarian reasons. 
India had also been buying wheat from the US since 1974.6 

The government then attempted to obtain wheat atsubsidized 
rates from Canada and some EEC countries, but none of them 
agreed to provide it at lower than open market rates, then ruling 
at$150per tonne.” This would entailan enormousoutgoof foreign 
exchange inan already tight balance of payments position. Conse- 
quently, the government decided to cancel further export commit- 
ments of wheat and to defer the export of 200,000 tonnes to which 
ithad earlier committed itself, even though ithad to pay a penalty 

for default in foreign exchange. 

‘The governmentthen tried raising the support prices of wheat 
from Rs 225 to Rs 250 per quintal for the rabi crops to be marketed 
in 1992-93 season. But the procurement of wheat was still too low 
to provide enough for the PDS. This wasat least partly due to the 
justifiable anger of the farmers against the government which was 
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prepared to pay Rs 5.36 per kg (including transport costs) for 
imported wheat against Rs 2.80 paid to Indian farmers. Because of 
therisein support prices, the government had to raise pricesin the 
PDS since it could not increase food subsidies due to IMF/WB 
pressure. However, the food subsidy still rose by around Rs 180 
crore because of the import of three million tonnes of rice ata price 
of Rs 57 per quintal higher than the domestic price. 

So while wheat was exported at low prices, when imports 
were required the prices were high. Even if the actual cost of 
wheat had remained the same, the transport costs would raise the 
landed cost here. In addition, the wheat imported was of low 
quality. The Minister of State for food has stated thatabout 150,000 
tonnes of US wheat had live weevils before unloading.® But this 
was meekly accepted because it came from a Superpower with 
whom one did not argue. Reminds us of the village moneylender 
again. 

The government now claims that it is only permitting the 
exportof high-value rice and using the foreign exchange earned to 
import low-valuerice, butin theprocess, food insecurity increases, 
The export demand for basmati has led to farmers switching over 
from cultivating ordinary rice to basmati rice — which fetches the 
farmera much higher return—thus reducing the productionof the 
latter. 

Ina similar manner, the government has permitted the export 
of high quality pulses. Tt is claimed that in case of shorlages of 
Pulses (production is already less than 50% of the per capita 
requirements) the government will import low quality ones. Indi- 
ans are not, it seems, worthy of being given the best we ourselves 
grow. 

While grains may not be exported as such, they can goabroad 
in various other ways. “We are considering allowing free exports 
of value-added wheat products,” said Ashok Kumar, joint secre- 
tary in the commerce ministry. The US chewing gum maker, 
Wrigley, is coming to India because maize starch is going to be 
available cheap here due to the Technological Development 
Mission’s successful efforts.” Kellogg is putting its cereal breakfast 
foods on the market.”! 


Adam Smith, neariy 250 years ago, foretold what the export of 
food involves. “By the extraordinary exportation which it occa- 
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sions in years of plenty, itmust frequently Hacerthe plenty of one 
year from compensating the scarcity of another”. 

Over acentury ago, the railways made it profitable enough to 
export wheat from North India to England. When the monsoons 
were good, the surplus wheat would all be purchased and ex- 
ported, raising local prices to higher than what they would have 
beenother wise. fin the following year themonsoon wasbad, there 
would be no carry over stacks — as there would havebeen if there 
‘were no exports —and so peoplestarved. But the resulting deaths 
appeared, not as due to starvation, but asincreased mortality due 
to malaria, TB and other opportunistic diseases, for which the 
British disclaimed responsibility, just as the unholy trinity, the 
WB/IMF/GATT, today disclaim responsibility for the starvation 
their own policies produce. In this way, time becomes another 
externality of the market system: it responds only to the here and 
now. 


The government is vigorously promoting the cultivation of 
fruits and vegetables for export, even while it complains of falling 
cereal production. Most farmers are mainly concerned with feed- 
ing their own families and hence do not fit in with the export 
policies. Agribusinesses, local or foreign, are then invited to 
replace the farmers. To permit this, the president of the Confed- 
eration of Indian Food Trade & Industry (CIFTD) suggested that the 
food processing industry should be allowed to produce at least 
50% of its requirements of fruits and vegetables on its own. farms. 
“This would mean amending the land laws. Plantation craps da 
not fall under the Land Ceiling Actand if fruitsand vegetablesare 
given the same status the problem of land ceiling can be solved”, 
he noted.” CIFTI further complained that small and scattered 
farmsand an inadequate infrastructure in the form of cold storage, 
refrigerated transport, and the very high incidence of taxes, par- 

ticularly on packaging materials, has hindered the development of 
the food processing industry.™ ; ‘ 

The land ceiling laws, though inefficiently implemented, had 
atleast the aim of more equitable land distribution. The Maharash- 
tra government has now proposed that export agribusinesses 
should be permitted to lease up to 1000 acres of agricultural land. 
The best land will be acquired for commercial farms, much of it 
from the 70% of the population who now subsist on small farms. 
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These farmers will be driven to the cities, for the expansion of 
which more fertile farm land will be requisitioned. 

But the export of agricultural produce is no solution to the 
foreignexchange problem, since the increased competition among, 
Two-Thirds World countries for the limited markets of the West, 
can only lead to further falls in the international prices of agricul- 
tural commodities. These are in any case being blatantly manipu- 
lated by companies like Cargill Corporation. 

The exported food also requires imports which nullifies much 
of its supposed gains in foreign exchange. Some of these arc 
synthetic fertilizers and pesticides, special seeds, agricultural 
machinery, borewell drilling equipment, railway engines, cargo 
aircraft, refrigeration, and processing machinery, and the fuel to 
run them all. Exports pay for agribusiness’ royalties and profit 
repatriation and many other hidden costs. Poultry exports require 
the import of grandparent stock, fish exports require that of 
trawlers, outboard motors and fuel for them. One flower project, 
ASCOS, imported one lakh rooted plants and 2.8 lakh gladiolus 

bulbs for Rs30 lakhs in 1988.7 Add theexpatriated profits —legally 
or illegally done — of the TNCs, and the net earning of foreign 
exchange may be minimal or even negative. 

The GATT Dunkel Draft Treaty (DDT) requires complete 
freedom for foreign firms to export out of India food ard other 
agricultural products, even though people here would starve to 
death. TNCs are already gloating in expectation. “The enormous 
potential of the global market place has every major player jump- 
ing for joy at the opportunities...”, said a vice-president of Kraft 
General Food.” 

TNCs, such as Cargill, with 1991 global sales of $42 billion, are 
inaposition to buy up all ourgrainand other agricultural products, 
which could lead to effective political control. According to the 
UNCTAD, just six large corporations control the bulk of interna- 
tional tradein agricultural commodities, 60-70% in sugarcane and 
banana, and over 80% in wheat, coffee, cocoa, tea, pineapple, forest 
products, cotton and jute.” These TNCs could corner the market, 
raising prices, and manufacturing artificial famines. 

Free marketaccess will ultimately allow the priceof food torise 
to the levels existing in the US. Indians witha per capita income of 
less than $100 will have to compete for food with Americans with 
per capita incomes of $35,000. per year. If food prices doindeed rise 
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to American levels, the majority of Indians would be priced out of 
the market for food.* : 

Due toIMF/WB pressures, food producing countries compete 
for a limited market, causing the international market price to 
drop, even while the devaluation of the rupee gives them more for 
the dollar. Foreign governmentsencourage this. Themarketreport 
of the German consulate, mentioned earlier, states that “the infor- 
mationit providesisintended to enable India adapther production 
and marketing activities to meet the requirements of the world 
market in general and the German market in particular’ ‘ 

A project for the promotion of horticulture in Maharashtra is 
being funded by the United States Agency for International Devel- 
opment (USAID) with $20 million, of which half is a loan and the 
rest “technical assistance”. Over 200,000 hectares of land will be 
diverted to this projectevery year, so that by the end of the Eighth 
Plan, over a million hectares will be used.” Almost all the produce 
of this project —and probably more — will need to be exported to 

back the loan. 

a Another form of export is the diversion of food from local 
markets to cater to the wants of tourists in five star hotels, 
again invited here to provide more foreign exchange. The 
suction of vegetables, fruits, meat and fish by these hyperconsum- 
ers results in higher prices or even total loss of food for the local 
people. In Goa, the local population formerly had plenty of fish to 
eat at low prices. Now the hotels make deals directly with the 
fisherfolk for the purchase ofall theircatch, leaving little ornothing 
for the local market. Moreover, land that was used to grow basic 
vegetables is being converted to the production of expensive 
exotics like broccoliand Brussels sprouts. And nutritious food that 
the poor can afford is being exported in order to pay for imports 
for tourists: caviar and European herbs, champagne and Scotch 
whiskey. 

To cam foreign exchange, itis necessary to export more food 
and agricultural products. All the land on which exported food is 
grown is, in effect, land colonially occupied by foreign countries. 

Whatis imported with the foreign exchange cared from food 
exports? Thecomponents for Maruti cars cost between Rs 150 and 
Rs 200 crore in foreign exchange annually as far back as 1987, and 
with the devaluation of the rupee, has gone up much more than 
that." The import of videos required approximately Rs 200 crore 
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in 1988. The import of large quantities of “defence” equipment 
turns butter into guns. 

Those who have been deprived of food cannot afford to buy 
cars, videos, warplanes and guns, even if they were edible. With 
the exportof food, hungerand famineisbeingimported. Exporting 
food may help “solve” the balance of payments problem butitcan 
only make the food situation worse. 

Farmers’ dependency on exportsalso creates problems. Punjab 
farmers had been forced to sell high quality paddy at Rs 200 a 
quintal in 1990. The price fell because rice millers, who used to buy 
about 80% of the crop earlier did not purchase it because of the 
unsettled Gulf conditions, About 50% of the total 1,700 rice-mills 
in the State had stopped handling the export quality rice. Sugar- 
cane cultivation is being promoted on the assumption that exports 
of sugar will increase. This is not atall likely because replacements 
for sugar — such as High Fructose Corn Syrup (HFCS) — have 
already caused the international market to crash, The uncertain 
export market forced farmers in 1992 to burn about 27% of the total 
sugarcane produced, while in 1993 the wastage increased to over 
30%." 

A study by the Reserve Bank of India (RBI) stated unequivo- 
cally that Indian agriculture should notbe “more export-oriented” 
because primary commodity prices in the world markets are 
unstable and unremunerative. It added that diversification of 
agriculture cannot be allowed to go beyond a pointat the expense 
of self-sufficiency in foodgrains.® 

From providing the minimal requirements of impoverished 
subsistence farmers, agriculture is being prostituted to feed the 
obscene hunger of the foreign and local affluent. Food which is 
required by the malnourished here is exported tocountries where 
people are overfed, and the foreign exchange earned is used to 
import luxury goods for the people who are overconsuming here 
and producing the malnourishment in the first place. A truly 
vicious, deadly cycle. 

Ifthe intention of the policy makers was really to provide food 
for increasing populations, then the strategy would be to do 
precisely that, not promote more food and other crops for export. 
Eaming foreign exchangeis today the proclaimed nationalaim, not 
the satisfaction of the basic needs of the people. It is the god that 
demands the sacrifice of millions of lives. 
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With the transfer of food goes the transfer of health. The people 
here have their lives shortened so that those in the West can live 
more comfortably and perhaps longer. It is the new economic 
cannibalism. After feeding the Americans, the Japanese and the 
Europeans, there will benothing left forus, except inedible profits 
in the pockets of a few. The export of food is almost by definition 
unsustainable. 

Going back to a more sustainable system requires that food 
production and distribution be controlled by those who produce 
and consume the food in the villages themselves, not by remote, 
profit-oriented, amoral agribusinesses. 


Other Diversions 

The target for foodgrain production for 1992-93 was not achieved 
by over6 million tonnes, mainly because land on which food grains 
were being cultivated had been switched over to non-foodgrain 
cash crops. 

The nutritional value of the available food is reduced by 
industrial pollution (including vehicularemissions) whichcontami- 
nates the air, water or soil. The toxins can have immediate or long- 
term health effects, or both. The body, then, has to use more food 
toovercome the effects of the toxins. Food plants that grow on the 
sides of busy roads and highways are usually contaminated with 
lead from exhausts. Lead affects the mental health of children. 
Cadmium reaches the soil from tyre dust. Itaccumulates in plants 
and animals and prolonged intake lpads to hypertension 

Alargequantity of food thatcan be eatenby peopleisatpresent 
used to feed pet dogs, cats and birds, particularly in the economi- 
cally affluent countries. While we can understand the rights of 
these animals to live and the need for humans for companionship 
fromanimals when other humans do not respond, they should be 
fed only on food which cannot be eaten by people. Dog, and cat 
populations in the US topped 117 million in 1990 with 60 million 
households owning cither cats, dogs or both” No figures are 
available for India, but it must be large here, too. 

A number of firms are now promoting “organic foods”, foods 
raised without the use of synthetic fertilizers and pesticides. They 
openly proclaim that such foods are “for the health-conscious, 
affluent consumers in India. A lion’s share of the products will be 
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exported”. Foods which are uncontaminated should go first to 
the poorest whose healthis already substandard, not to the affluent 
here or abroad. 

Edible maize and other grains, grapes and other fruits, pota- 
toes, and tapioca are being suggested as raw materials for the 
production of potable and industrial alcohol, even though they are 
of more importance as human and animal food stuff. 

Sorghum is traditionally considered a poor person’s food, but 
it will soon be removed from their reach. Scientists at ICRISAT 
have found that sorghum is a suitable raw material for the starch 
industry, which already uses maize. Such starch is used in the 
synthetic textile, paper and pharmaccutical industries, and in ice- 
cream and confectionery, and can also be used for the production 
of glucose and alcohol. In the wake of the Gulf crisis, it has been 
proposed that, with the total area under sorghum of about 16 
million hectares, 10 million hectares of this can be diverted to 
growing sweet sorghum (a variety which has a higher carbohy- 
drate content) to produce alcohol as a substitute fuel. Further 
millions of hectares are to be converted to sugar beet for the same 
reason.” 

Potable alcohol is a source of taxes, so this diversion of food is 
encouraged by the government, even though alcohol itself causes 
serious health and social problems. The raw materials used for the 
potable alcohol produced in Tamil Nadu alone could provide 10 
grams per day of food for 25 million children with all the vitamins 
required. Molasses can also be used to grow edible yeast.” 

‘The pattern of “development” that has been followed has led 
to continuing impoverishment. The development system sees 
economic growth as the primary factor in determining the status 
of a country. This not only allows, but positively encourages, the 
diversion of land from food crops to cash crops and of food itself 
to agribusiness and industrial uses. The fact that nearly half the 
tural population is below the poverty line and that increasing 
shortages of necessities and rising prices can only add to this 
number, is consciously ignored. 


Food Security 
Security isnot merely a matter of military defence but also of self- 
reliance in food, which is why the erosion of food security remains 
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the objective of the One-Third World, From such insecurity stems 
the downward spiral into dependency and impotence. Food secu- 
rity implies that sufficient food for full nutrition and other basic 
requirements be grown within the country concerned. 

Generally, no agricultural, industrial or economic practice 
should havea potential for diminishing food production within an 
indefinite future period. Few “modern” practices fulfill these 
conditions. 

Food security implies that farmers have full control over the 
production of food and that external factors are not permitted to 
interfere in that control. Unfortunately, some farmers organiza- 
tions, scenting immediate profits, are demanding freedom for 
farmers to grow whatever they wish, to process and export it. But 
farmershaye to realize that they also have responsibilitics, particu- 
larly to making themselves and their communities self-reliant in 
food and other basic needs. 

Full local self-reliance is not expected nor possible; some 
specialization is necessary because of soil conditions and other 
environmental factors. Ina modest division of labour, this doesn’t 
matter, but when food becomes a “manufactured” product, from 
the sale of genetically-modified seeds to the provision of inputslike 
fertilizers, pesticides and farm equipment, to the processing of raw 
foods into finished products, and their sale through selected out- 
lets, all controlled by foreign 'INCs, then control over self-reliance 
and self-provision is lost. The control of food offers the prospect of 
power over others that no previous tyranny has ever enjoyed. 

From the late forties, physical colonialism was replaced by 
economic colonialism, with control of food and agriculture by 
trade and TNCs and the policies being imposed by the Western 
moneylenders and traders: the IMF, WB, and GATT. 

Village moneylenders and traders are rightly condemned for 
their exploitation of those whom they exploit. But while these 
impoverisha few dozen people, the international ones turn whole 
countries into bonded labourers to serve the purposes of the West. 
The Western unsustainable agricultural system is being actively 
and forcefully propagated by this unholy trinity, whose sole 
Purpose is to save the Western industrial and agricultural systems 
from imminent collapse. Their intention is to destroy self-reliant 
food production so that US grains and other food products will 
need to be imported here. 
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The unholy trinity tells us to open up our markets to food 
imports and toabolish agricultural subsidies, preaching, what they 
did not,and still donot, practice themselves. While the GRishailed 
by the Westasmaking Indiaindependentof food imports, the WB/ 
IMF/GATT concordance is doing its best to deepen the depen- 
dence. Itisdifficult to believe that the export-led growth strategies 
which the US practised and which have failed, will work differ- 
ently here. 

The removal of subsidies in the PDS has led to the prices 
in ration shops rising to those on the open market. At the same 
time the growing unemployment and falling real wages makes it 
more difficult to purchase food. It is no wonder that people in 
Bombay say that whereas they could have three good mealsin pre- 
IMF days, now they can barely afford to have one. 

The removal of subsidies on agricultural inputs such as 
fertilizers and pesticides, irrigation and electricity and diesel, has 
already had drastic effects on production, though that is only 
because unsustainable agriculture is easily subject to such pres- 
sures, 

The unemployment created by the Structural Adjustment 
Programme will have the same disastrous effect on agriculture as 
that created by the British destruction of textile industry earlier. 

The colonial era permitted the large scale expansion in trade in 
food and agricultural commodities. International trade then be- 
came one of the most important tools for exploitation. All the 
occupied territories were earlier self-sufficient in food; if they were 
not, they could not have survived. Most of these, fairly wealthy 
countries, were forcibly transformed into suppliers of food and 
raw materials for Europe and the Europeans in the permanently 
occupied territories. After the colonies were given their indepen- 
dence, international trade remained a means of perpetuating 
exploitation. Hence the almost unreasonable insistence onexpand- 
ing international trade. It is evident that there is an open strategy 
by the developed countries to recolonize the agriculture of the 
Two-Thirds World by integrating itinto the world economy, as the 
current Uruguay Round of GATT negotiations and the Dunkel 
proposals in particular show. 

With the liberalization of imports, foreign agribusinesses 
wouldalso control the fertilizerand pesticide markets, thuscontrol- 
ling all Westernized agriculture in the country. The cost of seeds, 
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fertilizersand pesticides would soonrise, making Westernagricul- 
ture uneconomic. 

Asa consequence of this, many small farmers would have to 
sell off their land to corporations who will be allowed to purchase 
land unlimited by ceilings because of WB/IMF conditionalities, 
producing a further rise in unemployment. 

Areas of large interdependence such as imports and exports 
are a sign of unsustainability. 


The Right to Life 
Theright to life, though enshrined in the Constitution, is meaning- 
less without the right to food. 

While the PDS doesensure the availability of some food, itdoes 
not ensure that people are in a position to purchase it. The 
Maharashtra government recently sct up ration shops in every 
Adivasi pada (hamlet) in the state, but many of the Adivasis had 
no cash with which to purchase the food available. 

It is necessary to have the right to life enforced in a positive 
sense. Atpresent, the right tolife is interpreted ina purely negative 
manner:a rightnot to be killed by a criminal or maniac, orif killed 
to have the murderer punished. 

A positive right to life would imply that the state provide to 
each and every person, adequate food and other basic necessities 
and thatit ensuresa healthy environment, so that people may live 
and grow in dignity. Allowing people to die out of neglect would 
then become as criminal as murder. If therightto lifeis guaranteed 
then other rights become subsidiary to it. The right to work, the 
tight to housing and other rights follow, and those whoare unable 
to work, due to physical disability, old age and lack of job oppor- 
tunities, would still have their food entitlements. This would 
prevent the state from hoarding and/or exporting millions of 
tonnes of grain while millions of people are starving and perhaps 
dying of hunger. 

While, temporarily, this right could take the form of an ad- 
equate PDS and food entitlements, in the long term it requires 
major changes in the system: land to grow food, or employment 
which gives sufficient income to purchase food. This in turn 
requires the implementation of land ceiling acts and a proper 
village industrialization policy. It would require the elimination of 
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all factors which reduce sustainability. The banning of synthetic 
fertilizers and pesticidesand all typesof unsustainableagriculture, 
and all types of food diversion. In sum, it requires a return to 
traditional agriculture and industry. 


Conclusion 
The potential exists to feed all the population adequately. Food is 
often within reach and even produced by the hungry, but more of 
itis being distanced by processing industries and export. Farmers 
are fast losing control over agriculture, and they and consumers 
are at the strained mercy of a profit-oriented industry. 

While a rising population certainly makes the situation diffi- 
cult, the supply of food can be effectively increased by simple 
measures. Individuals need not wait for the government todevise 
and implement policies in these directions, since there are numer- 
ous opportunities for them to act entirely on their own. 


Chapter 5 


Regions, Farms & Commons 


Over the centuries, a wide variety of integrated agricultural prac- 
tices and systems have been developed and tested. To describe all 
of the practices used even ina small partof the country would take 
up several large volumes. Here at most a few examples can be 
given. Descriptions of one region, farms asa whole, specific crops 
and general techniques, can help in understanding the rationale 
behind them, making it easier for farmers inother regions torevive 
the traditions of their own region or to experiment on their farms 
themselves. 

The problem with describing holistic systems, such as tradi- 
tional agriculture, is that they are difficult to chop into convenient 
chapters, without much repetition. This chapter describes agri- 
culture in a particular region followed by that of farms and the 
commons, to give an overview of the complexity and 
complementarity thatexisted. Itis followed by chapters on particu- 
lar crops, rice and cotton, and by several chapters, in more detail, 
on the resources and techniques with which they were used. 

While the past tense is used in describing old practices, many 
of them are still in use today. 


Khandesh 
The region chosen is that of Khandesh, comprising the districts of 
Dhule and Jalgaon, in the north-west of Maharashtra. It lies in the 
Deccan peninsula in the rain shadow of the Sahyadris, part of the 
Western ghats. The region covers nearly 25,000 square kilometres. 
The rainfall varies from 350 to 950 mm in different parts. The time 
is prior to 1903, just 90 years ago. 

The arrangement of the villages were as mentioned in the 
Arthashastra. The size of the farms ranged from small dryland 
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holdings of 4 to 10 ha to large ones of 100 to 200ha. With irrigated 
lands, less than 4 ha was considered a small holding, while a large 
one was more than 20. 

Agriculture supported about half the population directly. 
About 77% of the land of the region was arable, 13% not arable, 
about 1% pastures, .3% forest reserves, and less than9% occupied 
by village sites, roads, river beds, and hills. In 1880, there were in 
use nearly 100,000 ploughs, 71,000 carts, 330,000 bullocks, 220,000 
cows, 114,000 buffaloes, 15,000 horses, 7000 donkeys, and 200,000 
sheep and goats. 

The soils were classified by the farmers as kali or black, 
pandhri or white, kharam or salt, and burki, white-and-salt. Rach 
of these main classes had several sub-divisions marked by such 
namesas light, heavy, or sweet, or by the presence of some foreign 
element such as limestone. Crops and methods of farming, were 
developed for nearly all types of soil. The village houses were 
constructed only on land with white soil, not on the more fertile 
black ones, 

The black soil was divided into two varieties, hari kali, witha 
moisture-holding subsoil, and an inferior sort which wasa sticky 
clay, raychikni. The better black soil was not ploughed for 10 to 30 
years, since turning thesoil lessened its crop bearing powers for the 
following two years. White soil was suitable only for coarse grains, 
but with enough manure and water, could be used for vegetables 
and sugarcane. White-and-salt land had an upper layer of white 
anda salt subsoil. With sufficientrain, it gave good cropsof cotton. 
Salt land, being, impervious to water and so not much good for 
agriculture, was used for plastering the outer layer of flat-roofed 
houses. 

‘The Khandesh valleys were open and level with many small 
rivers, flowing cast from the Sahyadris(Western Ghats),in shallow 
beds with gentle slopes. The streams were crossed by numerous 
bhandaras, small dams, constructed in ancient times, probably in 
the rule of the later Faruki kings. The sites of these dams were well 
chosen, with the dams more or less oblique, the watercourse 
issuing from the lower end, Where the rock below was not 

continuous, their forms were most irregular. 

The dams were built with the greatest care. Holes were cut in 
the rock in the proposed line of the wall from 15 to 30cm square, 
the same or more in depth, and from 1 to 2 m apart. In the holes, 
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stone uprights were set, and the dam was either built in front of 
these, or the stones were built into the dam, leaving only the backs 
of the uprights visible. The dams had strong walls, sloping on both 
sides to a narrow top, The materials used were the common black 
basalt stone, small pieces of brick, and the very best mortar. 
Provision wasmade for the removal of silt through small openings 
at the middle or at the base. 

Thecanals carrying water from thedams followed thelieof the 
ground, making long bends to avoid cuttings or aqueducts. Such 
long windings were condemned as causing a wastage of water by 
absorption and evaporation, but they were defended as requiring 
little capital for their construction, and the gentle gradient pre- 
venied the flow from being wastefully rapid. Patkaris, channel 
keepers, were appointed to look after the dams and canals, for 
which they were endowed with considerable grants of land. 

In 1904, many dams were still in use, while others, though in 
perfect condition, were abandoned from scarcity of water, silting 
of the distributing canals, or other causes. Here and there huge 
masses of overturned masonry, lying a few metres downstream, 
showed thatadam was destroyed by theoccasional violent floods, 
but proved the excellence of the old mortar used. 

Part of the neglect of the irrigation system was due to the 
imposition of a water tax by the British. Farmers preferred to take 
the risk of a good monsoon producing adequate yields of suitable 
crops, rather than grow irrigated oneson which they had to pay the 


tax. 
Wells were dug over mostof the district, since water was found 


near the surface. But near the northern border of Maharashtra, on 
account of the drainage of the Tapti river, wells had sometimes to 
be dug as much as 30 m deep. Water was lifted by means of mots, 
leather bags, which held about 150 litres of waterand were worked 
by bulls. The system was designed so that the bags emptied 
automatically, when they reached the top of the well, intoacistern. 
The bullsmoved down a ramp while lifting, with gravity reducing 
the effort required by them. On good wells, as many as four mots 
were operated simultancously, irrigating about 2 ha, depending 
mainly on the nature of the crop and the character of the soil. The 
earthen channels conveying the water were skillfully made,chang- 
ing their course atevery two or three metres, so as to offer a series 
of checks to the flow of the water. 
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The British noted that the several agricultural tools used were 
simple contrivances but “of much skill and wisdom”, There were 
several types of ploughs, made from a forked branch of the babul 
tree. One fork, cut short and pointed, became the share, the other 
the beam, and thestraight partthe handle. The handle wasfastened 
to the block by a thick rope, passed along the beam and tied to the 
yoke, so that the strain of draught braced the different pieces of the 
plough. 

Sugarcane mills consisted of two solid babul cylinders, called 
navra navri, husband and wife, about 20 em in diameter, placed 
vertically and set very close together. The upper partsof therollers 
were formed into double spiral screws which worked in one 
another. When one roller was turned by the lever atits head being 
pulled by bullocks ona circular course, its screw carried round the 
otherrollerin the opposite direction. Therollers were fed withcane 
by hand, and the juice, passing along an underground pipe was 

gathered in an earthen vessel, from where it was strained into a 
large round iron kettle. In this, the juice was boiled down to gur 
(unrefined sugar). The pressed stalks were given topotters, whoby 
watering and various processes managed to extract a second yield 
of gur, called potter’s molasses. 

‘The roller-mills were made locally, and the canes did notneed 
to be chopped up into short lengths, as was required with the later 
“improved” iron mills; thus, the fibre, after pressing, was available 
for rope-making, and especially for ropes for wells, for which they 
were much prized, as they could stand constant immersion in 
water? 

A bullock cart could transport about 700 kg. Before the use 
of iron, the axle was made of dhaman, a tough straight-grained 
wood. The framework was of teak or sandan (tivas), with a neat 
split-bamboo bottom, and sides of movable strips of strong 
bamboo matting; the wheels were about 1.2 min diameter. Special 


low-bodied carts were used for carrying timber, bamboos and 
chaff, 


There were two chief crop seasons, a rain, kharif, and a cold 
weather, rabi one, asin most of India. The monsoon begins in June 
and ends by October 

‘The soil fertility was maintained by recyclingall wastes, and by 
rotations, intercropping and other practices. Cattle and other 
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livestock were an essential component of the farming system. 
Cowdung was widely collected and used for manure. With the 
enclosure of the forests, firewood had to be purchased at a high 
price which many of the small farmers could not afford, forcing 
them to burn their manureas fuel, only the ashes being returned to 
the fields. Farmers near large towns were able to buy cowdung 
from dairy owners. 

Nutrients were also recycled by burning weedsand stubble in 
the fields. The “waste” remaining after the extraction of indigodye 
from the indigo plants, was used as manure for tobacco crops. 
Nightsoil was well mixed with rubbish and other manures, and 
used especially for sugarcane, tobacco, and other demanding 
crops. It was so highly prized as to be called sonkhat, that is, 
manure as valuable as gold. 

Dhangars were nomads who tended sheep, spun wool and 
wove blankets. They were hired to keep their flocks in the fields for 
a certain number of days, during which the farmer had to feed. the 
shepherd and water the flock. The Vanjaris, the nomadic herders, 
crossed the ghats annually in the dry season, their hereditary 
vocation included the carriage of goods over the passes in the 
Sahyadris, Many of them were forced intosettled cultivation by the 
construction of railways. Roads, too, by allowing carts to move on 
them freely, added to their unemployment, carting being taken 
over by other settled farmers. 

Other practices, mentioned below, allowed the farmer to 
manure dry-crop land every third year only, while irrigated 
vegetable land was manured every second one. 

The value of crop rotations was well known. In black soil 
sesame (til), was followed by finger millet (nagli, ragi); in lightsoil 
finger millet was followed by pearl millet (bajri), and then cotton. 
Rotations in dry crop land, where only one crop could be grown 
during a year, were finger millet followed by cotton, and pigeon 
pea (arhar, tur) or some other rabi crop the third year. In irrigated 
land, rice was followed by sugarcane, and in the third year two 
crops, sesame and chickpea (harbara), or wheat and peas. The 

order of change in the rabi crops was chickpea for the first year, 
wheat for thesecond, and linseed (alsi} for the third. Legumes were 
often included inrotations and nocrop wasgrown continuously in 
the same field, thus maintaining soil fertility and preventing the 
build up of pests. 
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A very common practice was sowing a mixture of seeds at the 
same time in the same furrow. Some of the mixtures were: 


sorghum, pigeon pea, mesta (ambadi)and cowpea (chaoli, 
lobia); 

pearl millet, mung and mothbean (math, matki); 
sesame, pigeon pea, mesta and mothbean; 

cotton and castor (erandi); 

indigo (nili) and cotton. 


In dry land a second crop could be cultivated after pearl millet 
and sesame, with the yield only a little less than if the field was left 
fallow, but this was a heavy drain on the soil and was not often 
repeated. Sometimes a kharif crop in one year was followed by a 
rabi the next. In irrigated land, a second crop, such as sesame, 
pulses, and other two-and-a-half month crops, was generally 
grown after rice. 

Shifting cultivation was practised by the Adivasis in the area, 
with finger millet and other coarse grains, and sometimes pearl 
millet, sown cither in regular lines or broadcast. The strict imple- 
mentation of British forest rules reduced the area under such 
cultivation with, of course, the impoverishment of the Adivasis. 


About eight cereals were cultivated, sorghum, pearl millet, 
wheat, rice, maize, foxtail millet (rala), proso millet (vari, varagu) 
and sava. 

Several varieties of each were cultivated, for instance 3 varie- 
ties of sorghum. Nilva, wasa superior variety growing only in rich 
damp soils, witha large, whiteand sweet grain. Its stalks, growing, 
over 3.5 m high, were soft and easily chewod and liked by cattle. 
The nirmali variety required little rain and grew easily in most 
soils. Ithada white grain, smaller thannilva, but not so sweet. The 
stalk was very hard, notnourishing,and notreadily eaten by cattle. 
The variety gurgi was grown only on inferior soils, together with 
pearl millet, since the grain was very small, not so palatable nor 
nourishing as the others. The stalks, however, were liked by cattle, 
as they were small and thin. ¥ 

Some varieties of wheat required good irrigated land, some 
not. Others, whose yields were low, were grown only asa second 
crop since they reduced the fertility of the soil only a little. Some 
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were grown in the sandy beds of rivers, but required much 
manure. 

Nine varieties of pulses, leguminous, nitrogen-fixing plants, 
were cultivated: chickpea, pigeon pea, pea (vatana, matar), 
blackgram (urid), mung, horse gram (kulith), mothbean, cowpea, 
and lentil (masur). Chickpea also checked weeds. Pigeon pea was 
sown in alternate lines with cotton and other early crops. A good 
charcoal was made from the pigeon pea stems. Peas were 
grown as a late crop, chiefly for its straw used as a valuable 
fodder. 

Blackgram was never grown alone, butalwaysundersome tall 
plant such as pigeon pea or cotton. It was also mixed with a small 
proportion of sorghum and as much mesta as would suffice the 
cultivator for one year’s supply of ropes and strings. 

Nine oilseeds were cultiva:ed or obtained from the forest. A 
large number of sesame varieties were cultivated, differing mainly 
in colour. The seed yielded 40% oil in village ghanis and not much 
more, 44%, in hydraulic presses, Linseed wascultivated but oil was 
not extracted from the seeds locally; instead the seeds were sent to 
Bombay and the oil or seed exported at that time. 

Groundnut was grown asan early cropin light sandy soils. Oil 
was extracted from the nuts that were not consumed directly and 
used for cooking. The oileake was considered a valuable cattle 
food. A small quantity of oil was also obtained from mesta seeds; 
it was used for lighting and oiling machinery. 

There were two varicties of castor, one annual with small 
seeds, the other a perennial tree with large seeds. There were many 
sub-varieties of the latter, often planted on the boundaries and 
along the water channels of sugarcane plantations. The annual 
castor plant was grownasan ordinary rabi field crop. To extract the 
oil, the seeds were roasted, ground in a handmill, and boiled over 
aslow fire, the oil being carefully skimmed as it rose to the surface. 
The oilcake was considered an excellent manure for banana trees, 
and the stems were used for thatching roofs. Mustard was com- 
monly grownmixed withlinseed and wheat. Safflower (kusumba, 
kardai) was cultivated as a rabi crop. 

‘Three plants were grown for their fibres. Cotton, mesta and 
sann (tag, sannhemp). Mesta, grown on nearly every farm was 
considered the most economical fibre for general agricultural use. 
Sown in June, it could be harvested within six months. To develop 
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a sufficiently long stem, mesta was planted in shade and was, 
therefore, always mixed with other crops, usually with pearl 
millet, sesame, or pigeon pea. The tender tops were used as a 
vegetable. After the nurse crop was reaped, mesta was allowed to 
remain fora few weeksto let thestems ripen thoroughly. Following 
harvest, the stems were steeped in water for retting. The outer 
fibres were then stripped from the stems, and the rest used for 
thatch. The fibres were spun on hand spindles by the farmers 
themselves, and used for tying bullsand many other essential farm 
purposes. 

Sann was sown in June and harvested in October. Its fibre was 
used for making wellropesand twine. The twine was usually made 
by Vanjaris and other cattle-keepers who spun ona distaff as they 
grazed their flocks and herds. 

Khandesh was noted for its cotton, with varieties developed 
for its stringent climatic conditions: low rainfall for a very short 
period, and where the changesin temperature were great.’ Details 
of its cultivation are given in the Chapter on Cotton. 

Four species of plants were cultivated for dyes. Al was grown 
exclusively by the Alkaris, for the sake of its roots which yield a 
bright red dye. Khandesh al had a high reputation, the result of 
yearsof careful tillage. The cultivationofal required muchskilland 
care. The seed was covered by about 2 cm of mould, otherwise it 
would not sprout well. The best crop required three years to 
mature, though it could be harvested after two years, and not later 
than five years. The deeper the roots went, the more valuable they 
were, as the finer and smaller portions of them contained more 
dyeing matter than those on the surface. The deep digging and 
overturning of the soil to extract the roots did much good to the 
land. The dye was prepared by Rangaris and used locally for 
colouring cloth, turbans and robes. Some of the dye was exported 
to Gujarat. With competition from aniline dyes, the crop and 
industry were destroyed. 

The indigo crop lasted from two to three years, with three 
cuttings being obtained during the rains. It is a nitrogen-fixing 
plant and so considerably enriched the soil. Again, synthetic 
substitutes displaced indigo. As mentioned earlier, the remains of 
the leaves and stems after theindigo had been extracted were used 
as a manure. 

‘Two types of safflower were cultivated, one, sadhi, grown 
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chiefly for its seed oil and the other, kusumbyachi, grown for its 
flowers, from which the red kusumba dye was made. In north 
India, chickpea fields were edged withsafflower since thisrepelled 
cattle and deer* 

Several varieties of turmeric(halad) were also grown, with the 
tubers of lokhandi halad with very hard roots, yielding the yellow 
dye. 

Ifany of these dye crops were to be cultivated in anew village, 
the custom was that only a Rangari should cultivate the first crop. 
Atilled field was handed over to a Rangari family who sowed and 
harvested thecrop, thus rewarding the dyers for having developed 
this particular branch of agriculture and industry. 

Five varictics of sugarcane were grown, The crop was culti- 
vated on the same land only once in three years, with non-irrigated 
rabi crops grown in between. This prevented soil salinity building 
up. White ants in the field were kept under control by placing bags 
of powdered cowdung mixed with saltand copper sulphate, in the 
main water channels. The water, with the dissolved chemicals, 
killed the white ants without hurting the cane. Both cowdung and 
copper sulphate being fungicides, they may have killed the fungi 
onwhich the white antsdepend for their food. Hamni,agrub about 
10 cm long, ate the young roots and was controlled by soaking 
dried sesame stems in the well supplying water until the water 
became light brown. Two or three doses of this water were usually 
enough. After harvesting the cane, the tops were cut off and used 
to feed the cattle that powered the sugarcane mill. 

Three narcotic crops, tobacco, hemp (ganja, bhang) and poppy 
(khaskhas) were also cultivated on a small scale. 

One of the vegetables widely cultivated was brinjal (vangi).To 
control soil pests which attacked it, the roots were smeared witha 
mixture of buffalodung and assafoetida (hing) in water atthe time 
of transplanting. If grubs appeared while the plant was growing, 
they were eliminated by placing, in the main water channel, alarge 
bag with asafoetida, garlic, camphor and sulphur. Leaf insects 
were controlled by sprinkling the plants with cow’s urine. 

Eight root crops were cultivated. Three varieties of yam 
(goradu) were grown and several species were collected from the 
forests, both for food and medicine. Two kinds of turmeric were 
cultivated, a highly aromatic one used asa medicine anda season- 
ing for curries and dal (pulses), and the other for its dye only, as 
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mentioned earlier. The other bulb and tuber crops were potato, 
onion, garlic, carrot, radish and ginger. 

Twelve other vegetables and fruits were grown. Tomatoes, 
musk melon (kharbuj), watermelon (kalingad), several species of 
gourds and cucumbers (kakdi) were also cultivated. Some of the 
gourds were planted by the sides of huts over which they climbed, 
thus using the land occupied by housing for agriculture. 

Eight varieties of beans and pod vegetables were grown: 
cowpea, swordbean (vaus), jangli govar, lablab (pavta), winged 
bean (chardari), French beans (rajmash), okra (bhendi)and ground- 
nut. Winged bean was only recently “discovered” by the west as 
a specially useful bean. 

The leaves of several plants, some of them cultivated for other 
uses too, were used as vegetables. Among them were mothbean, 
chickpea, radish, safflower, fenugreek (methi), coriander (dhanya, 
kothmir), yoosefoot (chakvat, bathua), cowpea, mayalu, and dill 
(shepu, shopha). 

Cultivators allowed labourers and others to gather the tops of 
the chickpea plants in their fields, as careful pinching brought a 
growth of side shoots and an increased yield. Dill was grownall the 
yearround exceptin thethree hotmonths. Asthe whole plant when 
young is fit for use, the quantity of food obtained fromevena small 
patch, was considerable. The ripe seed was a popular remedy for 
flatulence. 

A good number of plants were cultivated for use as spices and 
condiments, Among them ginger, chillies (mirchi), mustard, cori- 
ander, cardamom (elachi), carum (ova, ajwain), curry leaf (kadhi 
patta), fennel (badishop), cumin (jire, zira), dill, black pepper 
(kalamiri, mirach) and betel vine (pan). Most of these were grown 
in quantities just sufficient for local use. Carum seeds were used 
medicinally to reduce flatulence, to increase the appetite in indi- 
gestion. The cultivation of fennel, cumin and aniseed (saunf), 
dropped because the much more pungent and aromatic caraway 
(kala zira) was cheaply imported from Europe and the Persian 
Gulf. But they were still used as stomach medicines, especially in 
the ailments of women and children. 

The betel garden, pan mala, was a complex system in itself. It 
required well irrigation throughout the year since canal water was 
considered too cold. The field was carefully fenced and provided 
with windbreaks. The outer fence consisted of substantial wicker 
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work with split bamboos, thorny twigs of jujube (ber) and allied 
species, and other material. A thick hedge of “cactus” milk hedge 
(thor) was grown just inside of this, then a belt of large castor trees 
and finally a row of banana plants. The field was crossed with a 
number of channels forming beds in which the vines were grown, 
Aroundeach bed was planted a line of the common sesban (shevri) 
shrub, while agasta (swamp pea, hadga) and the Indian coral tree 
(pangara), were planted 50 to 100 cmapart, to provide support for 
the vine. All these are nitrogen-fixing legumes. Neem was planted 
from 1 to 2 m apart, Papaya and banana plants provided shade. 
When the vines grewametreortwohigh, they were tied with strips 
ofa dried sedge, pati, which were so elastic that the vine was held 
loosely without frequent retying. (Itis remarkable how much care 
was taken with small details like this which added to sustainability 
and reduced labour.) When the vines were fully grown they were 
tied with the dried reeds of lavali. 

Among the fruit trees cultivated were banana, mango, pome- 
granate (dalimb), guava (jamba), custard apple (sitaphal), bull’s 
heart (ramphal), papaya, and grapes (draksha), often grown in 
home gardens. One of the universal ones being drumstick (shevga, 
mungna). Several varieties of mango trees were commonly grown, 
the varietieschosen depending mainly on the soil. The bael tree was 
planted near dwellings, for its highly medicinal fruit as well as for 
its leaves which were a favourite offering to Shiv. 

One kind of banana did not ripen on the tree, Newly cut 
bunches were piled into a conical heap, and covered witha thick 
layer of clay. At the bottom a small opening was left, through 
which, by means of a tube, the smoke of burning cowdung was 
blown until the inside was full of smoke, after which the hole was 
closed. This was repeated for several days until the bananas were 
fully ripened; they were then washed and sold. 

Farms were not limited to “useful” plants alone; flowering 
herbs, shrubs, climbers and trees were widely cultivated. Several 
species of jasmine, including the common chambeli and mogra, 
were grown, with their flowers used at festivals, marriages, and 
other celebrations. Several of the ornamentals had medicinal or 
other uses, among them oleander (kaner), shoe-flower (jasund), 
and tagar.Sunflower(suryaphul) wasgrown forts flowersas well 
as seed oil. African marigold (genda, gul jafari) could have served 
as an insect repellent. Some plants were required for religious 
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ceremonies: the leaves of Zinnia being preferred in the shraddha 
ceremony for decorating offerings to the spirits of deceased ances- 
tors. The lovely lotus (kamal) and waterlily species were abundant 
in every pond. 

Anumber of products were collected from “waste” lands and 
forests, of which only a representative few can be mentioned here 
Gokhru, a wild herb, was gathered for food in large quantities, 
providing a substantial contribution to food. Mahua, a forest tree, 
grew beston stony ground. Itsseeds yielded anoil used for cooking 
and lighting, particularly by Adivasis. The oil was also used to 
make soap. The thick fleshy flowers were either dried and stored 
for food since they are rich in carbohydrates and sugars or distilled 
to produce alcohol. In the Konkan regions (coastal Maharashtra), 
the dried flowers provided up toa third of their annual carbohy- 
drate requirements. In Gadchiroli, the dried flowers are stored by 
the Gondsin baskets lined with the leaves of kojam, which prevents 
fungus from infecting the flowers, for up to 2 years The marking 
nut (bibva) provided edible and nutritious nuts and wasalso used 
by washermen for marking clothes. 

Chandrajyoti (physic nu), although an exotic shrub, grew in 
almost every stream bed and plotof fallow ground. The live plant 
was used as a framework for fences. It gave oil for lighting, the 
seeds being sorich in oil, that they were threaded ona thinstickand 
litas a mobile torch. Today the oil is used for soap, lubrication and 
may even provide a diesel-substitute fuel in the future. The twigs 
were used as toothbrushes. 

The bark of the anjan tree from the forests was much used in 
making ropes, which were cheaper and more lasting than ambadi 
ones. But again, enclosure forced farmers to use more of theirland 
for the latter crop. 

Aninedible wild bottle gourd, called kadva bhopla, was used 
for floats. Two of them, firmly tied together with string, made a 
very substantial buoy for a single swimmer; more of them were 
made into a raft which was used to carry heavy loads across the 
roughest rivers. 

The cultivation of nearly eighty types of crops provided a 
diversity of foods and other produce, resulting ininsuranceagainst 
climatic, pests or other stresses. Compare this with the primitive 
rice-wheat combination recommended for GR areas today. The 
plant diversity in turn maintained a diversity of insects, birds and 
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othercreatures, benefiting the ecoregionasa whole. Much fish was 
obtained from streams and wells. 


The British, as usual, began by calling the traditional agricul- 
tural system “wasteful and systemless”, but those who studied it 
carefully, were forced to admit thatit was “difficult to suggest any 
decided reform which the cultivator can afford tocarry out”.Some 
did however concede thata greater availability of firewood would 
release dung from being used as a fuel, but did not go further to 
insist on access to the forests being permitted again for this 
purpose. 

The traditional system still lives on. Many of the practices are 
stillin use, demonstrating their long-term sustainability. And new 
sustainable ones are also being seen. 

In one area of Khandesh, when the rains are normal, the 
farmers grow a mung monsoon crop followed by a sorghum rabi 
crop. If the rainsare late, the mung would not ripen in time for the 
subsequent crop to be sown, so they plant upland paddy instead, 
which they follow with sorghum. Paddy-sorghum is not normally 
used because the mung provides the fertilizer for sorghum. Such 
decisions have tobe taken quickly, with farmers storing their own 
seeds, and may change from village to village. No central decision 
making process can take over. 

Several other uses of some of the plants grown in Khandesh 
and their interconnections with the rest of the system are given in 
later chapters. 

Every region in the country, from the arid desert of Rajasthan 
to the mountain regions of the north, had similar systems, varying, 
in details, but based on comparable principles. Because of the 
limitations of space, they cannot be described here 

All these complex systems must have required a tremendous 
amount of observation and experimentation, over centuries. Such 
aneed isseenin theefforts being made by US “alternative” farmers, 
who have tostart from scratch, since their ancestors destroyed the 
existing Native American systems so thoroughly. 


Farms 
While the West recommends cultivation of monocultures from 
barbed-wire fence to barbed-wire fence, traditional farmers used 
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practically every square centimetre of land for a wide range of 
trees, herbs, shrubs and climbers. A variety of physical habitats 
permitted diverse plants and other organisms to thrive in them. 
The combinations of plant types raised the output by occupying 
niches not normally utilised by crops or trees alone. Such systems 
increased productivity and self-reliance, since they made better 
use of the natural resources of the farmers’ fields and provided a 
variety of food, fodder, fuel, fibres, manures, pesticides, medi- 
cines, timber, resins and other products throughout the year. They 
served as biodiversity reserves and became particularly important 
where the forest commons were no longer available. 

Diversity was raised by planting in hedges, the sides of fields 
and on bunds. These areas were also allowed to run wild, being a 
sortof extensive multiple cropping. Such diversity provided food 
and shelter for a wide variety of insects, reptiles and other small 
creatures, particularly useful for recycling nutrients, pollinating 
plants, and controlling pests. Insect-eating birds needed nearby 
bushes in which they could hide when their predators appeared, 
otherwise they would not go near a crop. Field edges were used for 
windbreaks. The increased vegetative cover as well as mulch of 
fallen leaves, prevented rapid runoff of rainfall and allowed water 
to percolate into the soil. The microclimate was controlled with 
particular combinations of plants. 

Cropsalso served as live repellents to cattle and wild animals, 
such as deer. Sann was planted around cotton fields to keep off 
cattle and antelopes. Safflower was grown around chick pea fields 
for the same reason.’ Niger was grown as a hedge or border crop 
around cereals to prevent trespass by cattle, as the animals do not 
relish it. 

Rice fields were bunded in order to store rain water. Where the 
land slope was high, the bunds were close together, with the bunds 
covering a large proportion of a farmer's field. While not all the 
bunds could be cultivated since they were used as pathways 
during the monsoon, many were. Those on field boundaries were 
often left to run wild. 

Farmers in the Belgaum region of Kamataka traditionally 
grew crops on them, crops such as mesta, pigeon pea, meroli (a 
sweet variety of lablab), vagre (a kind of sorghum with red grains), 
mung, blackgram and sometimes castor. The seeds of these, often 
mixed together, were sown in a furrow on the top of the bund, 
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immediately after the first rains. A more careful sowing was not 
possible since farmers had to devote their full attention to the 
paddy crop." 

The vagre seedlings were later transplanted on to the sides of 
the bunds. When there was adequate rain, the plants were cut for 
cattle fodder since they could not stand much moisture. When the 
rainfall was deficient, they would be allowed to mature to produce 
grain, supplementing the lowered paddy yield. Even in their 
tender stage, vagre was not toxic to cattle, as is sorghum grown in 
dry regions. The mesta and pigeon pea plants were harvested in 
February and March, while the meroli pods were picked several 
times from January to March. The total value of the crops on the 
bunds was about 15% that of the main paddy crop.” 

In the North Konkan region, lablab was planted on the bunds 
after the rice had been transplanted, when the farmers were 
relatively free. The crop yielded its pods till February, after which 
the plant was used for grcen fodder. 

In other areas of the Konkan plants, such as clusterbean, okra, 
finger millet, proso millet, musk melon or other cereals and 
vegetables, were grown on the bunds. Cowpea was preferred 
because it formed an effective ground cover and because it pro- 
vided food and income before the main crop was harvested. All 
these protected the bunds from being eroded in heavy rains." 


Hedges consisted of a wide range of shrubsand trees, on which 
climbers grew and under which herbsand grasses flourished. Such 
hedgesnot only kept out straying cattle butalso provided a degree 
of protection against soil erosion, food, manure, pesticides, medi- 
cines and even cash crops. 

Among thecommon hedge plants grown in Konkan, thehenna 
plant(mendhi) supplied dyesand medicines. Thenirgundi (Indian 
privet) gave fuel and medicines. The chandrajoyti plant, men- 
tioned earlier, produced onan average, a kilo of seeds per metre of 
hedge. The ornamental shoe-flower, gave flowers for the hair and 
for food, and a contraceptive (which is being tested out by the 
ICMR today). Adulsa, nirgundi, chandrajyoti and several others 
were not browsed even though they were not thorny. The thorny 
karwanda shrub gave fruit which were eaten ripe or were pickled 
when tender. Plants like common sesban (shevri) and dhedhar, 
sann, and other species provided green organic matter and fodder. 
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Other trees with multiple uses grown in fences were neem, babul, 
and catechu (khair). 

Hedges supported a wide range of climbers: mayalu, yams, 
tendli (kunduri), wax gourd (kohala), kartoli and other cucurbita 
species, medicinal plants like gokarna (aparajit, butterfly pea), 
Indian liquorice (gun), and dozens of others. Plants like yams and 
wax gourd could be stored to provide food throughout the year. 
Those yams which bore tubers on the vine itself were more 
convenient to harvest and needed little cleaning. Gokarna provid- 
ed a protein-rich forage and a blue dye. The seeds of Indian 
liquorice were used as goldsmiths’ weights, for necklaces and the 
kernels as a famine food. 

Unfortunately, live fences are being rapidly replaced by burnt 
brick and cement walls, topped by several strands of barbed wire. 


In the West, weeds are plants to be exterminated, even if the 
highly toxic herbicides are to be used. In India, the traditional 
tendency was to find a use for such plants. Practically every plant 
that would be considered a weed, with the possible exception of 
some of the exotics that have been most recently brought in, had 
important medicinal, or other uses, often plants of considerable 
economic importance. 

Tn south Gujarat, thelong and tough leavesof thegrass dabhdo 
were used in large quantities for making baskets, brooms, brushes 
and for preparing packets for storing grain. Its flowers, finely 
powdered, were used in treating cataract. Another weed, kunda 
was used for thatch, while the sweet tips of its roots were eaten. It 
also had medicinal uses. The sedge, nut grass (motha), normally 
considered a pestilential weed, had several uses in India. The dry 
tubers were sold in bazaars and were given for disorders of the 
stomach. They were fragrant and used for cosmetics and in 
religious ceremonies. The leaves were used in the preparation of 
mats and grasses. 

Plants that grew wild in “waste” spaces were also of impor- 
tance. In a small patch of a few square metres in a farm, over 25 
species of herbs and shrubs were identified in the monsoon, all of 
which, with one exotic exception, were used for food, fodder, 
medicinal or other use. For instance, ak (milkweed), a widely used 
“green manure” plant, is pesticidal, gave a floss only slightly 
inferior to that of kapok, and is also medicinal 
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While most annual crops used nutrients and moisture near 
the surface, deep-rooted trees used those from lower levels 
and returned nutrients to the upper soil through leaf fall and 
loppings. The mango, for instance, has roots going down to 12 
metres.” 

Where farmers were unable to cultivate their entire holdings, 
trees, which required less labour and that too in the non-peak 
seasons, improved their productivity. This has always been an 
important component of traditional agriculture. Babur (1483-1530) 
mentioned inhismemoirs, that some of the fruit trees cultivated in 
his time were mango, banana, tamarind (chinch), mahua, jackfruit 
(fanas), jujube (ber), amla (Indian gooseberry), lime, orange, date 
(khajur), coconut and several others.? At that time, as today, 
alcohol was distilled from the flowersand dried fruit of the mahua 
tree, oil was extracted from the seed and its timber was used for 
house construction.’ 

Some very complex systems had been developed with over- 
lapping and multi-tier crops. Fruit trees were intercropped with 
vegetables, legumes, and crops tolerant to shade. Climbers, such 
as some spices, were trained to grow on the trees. Spaces were 
allowed to run wild so that medicinal and other herbs thrived in 
their natural surroundings. Each species was chosen to grow 
synergistically, not in competition. 

It wasacommon practice to grow nitrogen-fixing trees such as 
babul in the middle of fields. In South India, mahua — though not 
leguminous — was grown instead, with the birds it attracted 
providing fertilizer for crops surrounding it. The trees were care- 
fully pruned to provide minimum reduction in cropped area, The 
crop losses caused by shading were balanced bycropincreases due 
to their fertilizer, and by the provision of fodder and other prod- 
ucts and by increased self-reliance. They also served as wind 
breaks and decreased erosion by breaking the fall of rain drops, 
maintaining soil organic matter and its physical properties. Many 
of these in-field trees are now being removed because tractors 
require to move in straight lines. 

Trees thrived under conditions and in areas where crops could 
not, such as steep and rocky slopes, arid, saline or waterlogged 
soils, and areas with severe climatic conditions. Trees are deep 
water pumps and were cultivated without irrigation. In fact, 
irrigating young trees make them totally dependent on irrigation 
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for the rest of their lives, since the roots tend to remain near the 
surface. 

In areas witha long dry season, perennial plants made, in the 
long run, the best use of soil and climate. Perennial plants convert 
more of the incident solar energy, up to 10% compared tonomore 
than 2% for maize, for instance, into useful organic products. One 
reason for the inefficiency of annuals is that an annual starts every 
season from seed and the seedling covers only a small percen tage 
of the surface of the field. Perennial plants provide more coverage 
and absorb more solar energy over the season, but most of their 
production goes into leaves and branches. In traditional agricul- 
ture, however, nearly all parts of the plants, both annuals and 
perennials, had value, perhaps not marketable. The efficiency of 
use was, therefore, high. 

Perennial plants covered the soil overlong periods of time and 
stabilized it with deep and extensive root systems. Their 
growth did not depend on rain starting within a few days or 
weeks of a certain date. In addition, most of the species growing 
in arid and semi-arid zones developed characteristics by which 
they withstood long periods of drought. Even if fluctuations 
in climate temporarily adversely affected growth (wood produc- 
tion) and/or the development of fruit, the plants still served 
to control erosion and provide fodder, perhaps. If conditions 
during the next season improved, the plants yielded their full 
potential. 

The vegetation was managed ona sustained basis, through the 
regulation of livestock browsing and pruning, pollarding and 
harvesting, of pruducts ona rotational basis. Traditional practices, 
which fostered the wise utilization of treeand shrub resourcesand 
did not destroy them, had been developed over the ages in many 
regions. One such is the use of the khejri (Indian mesquite) in 
Rajasthan. 


A typical Kerala home garden is a good example of what is 
possible today. One, with a total area of only 0.4 ha, had an 
incredible number of species with an equally amazing number of 
uses. It has 16 cultivated herbs, 31 species of trees and 13 
ornamental plants. Most supplied food, and the rest fodder, fuel, 
fibres, manures, mulches, medicine, timber, sugar and spices, 
beverages, cosmetics and cash. Some provided supportand shade 
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for the other plants. Some were considered snake repellent, others 
had religious and cultural significance. Several were ornamental. 
Most had multiple uses, including the ornamentals, and most had 
more than a single specimen. ; 

The food species provided fresh vegetables and fruit, storable 
tubers, and several fruits that could be pickledand preserved. Such 
home gardens are of particular help to women, who obtain much 
of their daily needs free and with little effort. Species range from 
ground creeping Portulaca species, to grasses, to the towering teak. 
Some were annuals others took years to mature. And the whole 
kept the place cool and shady ina tropical climate. 

In recent experiments in orchards, when the fruit trees are 
young, grass and other cropsare planted in between. Later, agasta 
is grown in rows between fruit trees, which are spaced 8 to 10.m 
apart. Agasta grows tall butits crowns absorbonly 25% of sunlight, 
so the young fruit trees are not affected. In between the agasta, 
other legumes are planted. The agasta and legumes drop leaves 
and flowers continuously.” 

However, treescannotreplace annual cereal crops, ashasoften 
been suggested, though the former may givea productivity several 
times higher by weight than cereals, while using less labour and 
providing more cash income. Thisis because storage of food for off- 
season and drought useis essential for security. Most fruits cannot 
be stored without elaborate processing, while food grains and 
pulses can. Those who promote fruit tree cultivationasacash crop, 
assume that some other farmer will grow the grains that the cash 
cropping farmers need to live on. uM 

Farmers are also now encouraged to use irrigation, fertilizers 
and pesticides. Indigenous fruit trees do not require these, other- 
wise they would not have survived for the thousands of years they 
grew before their cultivation began. Irrigation is required only 
when exotic fruit trees are grown and when indigenous fruit trees 
are desired to be cultivated in areas in which they are not native, 
or when they are to be forced to mature earlier. 


The Commons 

The pasture and forest commons provided an enormous range of 
plant and animal products, which would otherwise have had to be 
cultivated or purchased with cash. In the latter case, the farmer has 
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to grow cash crops for sale, and also requires more farm land. 
Having larger farms would also present labour problems. The 
commons were, in effect, extensions of the farm which did not 
require cultivation. Detailing the range of products traditionally 
provided by the commons would require another book at least. 

Themostimportant were fodder, crop nutrientsand fuelwood. 
In the pastures, roadsides, and other “wastelands” grew and still 
grow a wide variety of grasses, sedges, herbs, climbers, shrubs 
and trees, which still supplement what is available on privately 
held land. Pressure on these lands, because they are taken over for 
cultivation, or used for “social forestry” or simply because of 
increasing population, has led to their degeneration, 

The transfer of the power from the users to distantauthorities, 
who had no interest in sustainability was an important factor in the 
destruction of the commons. The enclosure or des-truction of the 
commons, required farmers to cultivate fodder for their draught 
animals and even, perhaps, fuelwood for their cooking. 

Farmers are now being blamed for the destruction of the 
commons. But enclosures and official extraction, as well as the 
demands of the powerful of the village, first reduced the biota to 
below sustainable limits, causing adegradation whoserate rapidly 
increased as the volume of biota decreased. 

Moreover, the so-called tragedy of the commons is based on 
the assumption that all human beings are inherently greedy and, 
therefore, will grab as muchas possibleof anything thatisavailable 
free. That this did not happen during the centuries prior to the 
adventofBritishenclosureand the more recent promotionof greed 
by Western culture, shows that the assumption is incorrect. 

Enclosure increased the number of unemployed in the villages 
as they were deprived of the raw materials for handicrafts and 
other purposes, These were forced to emigrate tothe cities, encour- 
aged by the notion that the Western urban and industrial system 
could provide them with jobs and basicneeds. This notion tempted 
villagers to extract even more from the commons since the urban 
haven would be there to provide for them even after they had 
destroyed their own environment. 

It is commonly said that people cannot be given (back) the 
commons tocontrol, because they would destroy them. Butif they 
realize the importance of self-reliance or are forced into it by the 
continuing disemployment, then they would be sure to nurture 


Regions, Farms & Commons 1 


their commons for sustainable production. Their only hope of 
employment will be from greater employment in agriculture or 
village industries, both of which depend on the regeneration of the 
commons. When petrochemicals are phased out, the need for the 
commons will be enormous. 


The Distribution System 
The produce of farmers above their requirements was sold locally 
or sent to nearby towns. 

Local foods were obtained fresh and tree-ripened and their 
quality had to be maintained by the sellers if they were to retain a 
good reputation. There was no need for food regulations and anti- 
adulteration laws. Moreover, since the grower was in immediate 
contact with theconsumer, anyimprovementin quality of the crop 
was appreciated and seen to be appreciated. This was a powerful 
incentive for farmers to keep on improving the quality of the crop, 
not merely the quantity. It was perhaps the driving force that led 
to the development of the hundreds of varieties of mangoes and 
other fruits and vegetables that are available now. But more often 
a desire to keep the quality as high as possible arose, not for the 
practical need to maintain a reputation, but from pure pride in 
growing or manufacturing a good product. This is one of the 
essential values that was handed down from parents to children 
when they followed the same vocation. 

Little was required to be transported long distances, since self- 
reliance provided for most of each regions their needs. The absence 
of many roads, pointed not to backwardness, but to the fact of local 
self-reliance. It was mainly when rulers required goods to be 
moved to cities and conquerors exported them that roads were 
built. 

Even then, only that trade with other regions could occur 
which could be handled by animal drawn transport. Excess pro- 
duction was carried to larger villages and towns by traders and 
then distributed in the latter by hawkers or in bazaars. Some raw 
materials and products had to be obtained from afar, such as 
medicinal herbs that grew in the Himalayas only, or metals. 

Such systems offered fresh foods to the actual user, giving a 
better bargain to the seller and the buyer as well, than what is 
obtained by today’s industrialized processing middlemen. 
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Even in towns today, there still exists the system of honse-to- 
house sales. In Bombay, fish, vegetables, fruit, milk, bread, and 
meat aresold at the door. A large number of supplementary foods, 
mainly consisting of mixtures of cereals, pulses and nuts are sold 
by roadside hawkers and house vendors. These are nutritious and 
cheap, not like the foreign fast foods. Then there are the large 
number of hawkers with their carts on most of the roads, selling 
cooling drinks like tender coconut milk, sugarcane, lime and other 
fruit juices, and lassi (buttermilk). Fruits like raw mangoes and 
guavas spiced with chilli powder, watermelons, papayas and all 
the other fruit that can be sold fresh are easily available. A few 
who can travel by car to department stores and who have hired 
help lo go to the bazaar, complain about the hawkers blocking the 
roads, but the majority of people find such easy availability very 
convenient for after-work shopping. Weekly bazaars are still held 
in many of the “villages” of the city. 

Such systems should not be disturbed — where they still exist 
—byshoppingcentres and even large shops. They are moregeared 
to human needs than to industry’s profits, still providing employ- 
ment toa large number of people. Butsuch sustainablesystemsare 
being deliberately destroyed by large stores who wish toreduce all 
possible competition, even if it means wastage of food and impov- 
erishment of others. 


Chapter 6 


Rice 


The extreme antiquity of rice in India is proved by archaeological 
discoveries: the oldest rice specimen found in India dates to 2300 
BC, as archaeological excavations at Lothal in Gujarat show.! 
However, the plant surely must have been cultivated earlier. 

From a wild aquatic grass, Indian farmers, over the centuries, 
selected and cultivated thousands of varieties of rice. No other 
cultivated crop has been developed to such an extent, to fit 
thousands of ecological niches all over the country, from the 
temperate high hills of the Himalayas to tropical lowland deep 
water and salt water marshes of the seacoasts. Each variety was 
suitable fora particular climate, soil, water availability, season, for 
that particular microregion. There was no attempt to alter the 
environment to suit the variety as Western agriculture tries to do. 
Farmers believed that given water, a variety of paddy could be 
found to grow inany soil — from stiff clay to sands, from peaty to 
saline. 

The innumerable ecological niches in the sub-continent have 
led, over a period of 4,000 years, to practices which were selected 
foreach micro-ecological region. Onlya few of the special practices 
that prevailed about a hundred years ago, will be described here. 
Some still exist but many have been changed or destroyed as will 
be described later. Such knowledge, again, needs to be preserved ” 
in situ. 


Varieties 

India’s rices possess wide diversity in their characters. They vary 
in duration from 60 to over 200 days and can grow in varied 
elevations, ranging from a metre below sea-level to an altitude of 
2000 m. At one extreme are the deep-water rices, growing in 6 to 
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15 mof water, and at the other rice is grown with an annual rainfall 
of barely 500 mm? 

R S Richharia collected 20,000 varieties within 10% of the 
Chattisgarh area of Madhya Pradesh alone, with 200,000 varieties 
estimated in the whole country? They have grain lengths from 3.5 
to 14 mm and widths from 2 to 3mm. There are red rices, fine and 
scented rices, and glutinous rices, There are varieties with purple 
leaves. Some peculiar varieties have 2 or even 3 grains in one husk. 

Varieties were and are still chosen for needs, definitely not for 
maximum yields. They were chosen for their ability to withstand 
droughts or floods, resistance to pests, susceptibility to disease, 
toleration of salinity, time of maturity, height of the plant, non- 
lodging and non-shedding, characteristics, size of the grains, co- 
lour, taste and aroma, time for cooking, kceping qualities, nutri- 
tional values and many other characteristics. In addition, some 
gave yields of more than 3700 kg/ha, putting them in today’shigh- 
yielding category.* 

Insomeareas, rice that gets sticky after cookingis preferred to 
that which does not, while in others, the reverse is the case. Rices 
with thin long grains fetch more inthe market than those with thick, 
coarse grains, Further, most rices need to be stored for a few 
months before they lose their stickiness butsome canbe consumed 
immediately after harvest. 


Other traditional paddy varieties may yield less per hectare 
than High Yielding Varieties (HYVs), but they require lower 
inputs, areless susceptible to monsoon failure, are resistant to pests 
and so on. It is being said that the use of traditional varieties will 
not provide sufficient food for growing populations. But their use 
will allow these yields to be obtained practically indefinitely and 
ifmore needs to be grown, itcan bedone by replacing non-essential 
crops with food crops, as mentioned earlier. 

A hundred years ago, farmers, with knowledge gained from 
hundreds of years of use, transmitted from parent to child, could 
give the distinctive name of each variety. Some of the named 
varieties looked so similar to others that they were indistinguish- 
able to the British botanists who studied them. The British Teadily 
agreed that any attempt to classify the rice varieties on the basis of 
their botanical knowledge would have led to many being consid- 
ered identical, with serious consequences for food production. 
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Moreover, the farmers could also distinguish between variet- 
ies at the seedling stage when no apparent distinguishing charac- 
teristic was noticed by British botanists. Farmers were evenable to 
tell from the husked grain the exact cultivation methods suitable 
for it. They could readily relate the various conditions for each 
variety’s propagation and its properties. Such knowledge cannot 
be preserved in gene banks, making the seeds worthless from the 
farmers’ point of view. 

George Watt remarked that the Indian farmer “determines 
the suitability or otherwise of this form and that to its contem- 
plated environment with a degree of confidence quite in- 
explicable”. Some varicties were claimed by farmers to be not 
only specifically suitable to a particular soil type but even to a 
particular field in a farmer's holding, while quite unsuited for 
another. Compare this with the near universal recommendation of 
HYVs. 

Several varieties of paddy were cultivated around Bombay 
about 100 yearsago, from the “high class” white grain varieties, to 
the red and black grain “inferior” types. They were divided in two 
main groups; halva and garva. Garva required a lot of water and 
wasof long duration, ripening in November. There weremore than 
adozen kinds of garva rice cultivated, some with fragrant grains. 
Halva varieties required little water and ripened from about 
Auguston. There were about ten varieties of halva rice, which were 
mainly grown for home consumption. There were special varicties 
for sloping lands, for bad soils and level fields. 

They covered a wholerange of durations fromacommon black 
60-day one to those that required 5-6 months. The short duration 
60-day varietieshave been grown forcenturicsall over thecountry. 
It provided immediate food in the lean season. The Chinese 
traveller, Huen Tsang noticed a 60-day variety when he visited 
India 1500 years ago. 

Along the sea coastand creeks of the Konkan, special varieties 
of paddy were cultivated in reclaimed lands and in fields that 
were inundated with salt water at high tide. Where the land was 
very salty it was not touched till it was flooded by rain, and then 
stirred with a bullock hoe. The seed was treated before sowing to 
cause germination and then sown broadcast on the soil or on the 
water surface — often from boats —and left to grow where itsank 
to the bottom and took root. The seedlings could stand complete 
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immersion for about 10 days. These varieties required a greatdeal 
of rain, and although yields were low, the negligible input costs 
made cultivating them worthwhile. 

There wasalso a traditional rabi, hot weather rice. twas sown 
after the harvest of the kharifrice,and required irrigation. The field 
was kept flooded to kill weeds for a time, the water drained off, 
manure applied heavily and the seed sown in December. It was 
irrigated from time to time and ripened at the end of March. The 
water came froma dammed-upstreamor froma wellortank.Some 
were also cultivated in nalla beds. 

In the Bhandara District, in addition to the cultivated varieties 
there was one called deodan, gods’ rice. It sprang up by itself in 
swamps and other marshy places and required no labour except 
for harvesting. It wasused inthe celebration of Rishipanchami (the 
5thday of Bhadrapaca, August/September) on which day nothing 
raised by bullock labour was eaten. The purpose of this religious 
practice, still observed, is to honour bullocks butit could also have 
served to preserve a valuable wild variety. 

‘There were (and still are) three main rice crops in Bengal. The 
aus crop was sown in April to May, on high land and harvested 
from July to August. Theaman or winter crop, was planted in May 
and harvested in October or November, The boro varieties were 
grown on the low beds of marshes and swamps or on the borders 
of shallow receding rivers. There were also quick-growing rices, 
aus as well as boro, one being a 60-day varicty. Another variety, 
sown with boro rice in December, continued to grow after the boro 
crop was harvested even though thestems were cutdown,and was 
harvested 10 to 11 months after sowing. Under certain conditions, 
farmers could obtain five crops of rice a year. The varieties grown 
in deep water could grow as muchas 20cm in 24 hoursifthe waters 
rose rapidly. 

In Cuttack, there were varieties that did not grow unless the 
land was thoroughly weeded, while others flourished in spite of 
them. In order to provide security against the weather, farmers 
often sowed two varieties together, one that withstood flooding 
and one that did not, in the same field. 

In Ayodhya, rice was grown on land where the water accumu- 
lated first and was most slowly absorbed, with maize planted on 
alightsoil raised slightly above the floods. The smaller millets were 
grown on inferior soils with little labour used in cultivation. 
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Among the latter were finger millet (ragi, nagli), and kodo millet 
(kodra). 

In Gujarat, only inferior varieties of rice could be grown under 
rainfed conditions, because of the continuous decrease in rainfall 
as one goes north along, Western India. Rice, though essentially an 
aquatic plant, was grown even asa dry crop. When the early tains 
were insufficient, rice and sorghum were grown on the same field. 
Rice was also grown as a row crop in cotton fields. Where tank 
irrigation was possible, the seed was raised in manured seed beds 
or drill sown directly in the field. Some varicties were grown in 
large quantitios because they did not wither if the rain failed. 

Jean Baptiste Tavernier, a French traveller, described Tice 
cultivation in Surat in 1645. He mentioned a special variety with a 
small white grain and a scent which was much esteemed. Asack 
of this particular variety was deemed worthy of being given as a 
present to the nobles of Persia. There were scen ted varieties of 
paddy grown in several regions in India. In Bihar, there was a 
variety of rice, samjira, which was considered better than basmati. 
‘The ambemohar variety in Maharashtra normally sells for about 
three to four times the price of unscented rices. s 

In Nepal, there was a rice variety that grew in snow and frost. 
In Kashmir, two types of rice, the white (41 varieties) and red (12 
varieties) were planted. The white commanded a better price, but 

was said to exhaust the soil and so was always followed by a red 
variety. Red rice was a hardier plant and generally yielded more 
than white rice. 

In the Madurai District, 3 crops of rice were at times raised in 
succession in a period of 13 to 14 months, with fast-growing and 
inferior kinds of rice always grown for second and third crops. 

There were thousands of varieties of rice in use till the 1960s; 
some still survive today, in spite of the best efforts of the Western 
system to drive them out of existence. 


Sowing and Transplanting ; 
In Bengal, paddy was sometimes germinated before sowing, After 
keepingitinan earthen pot for 24 hours, the water was drained and 
the paddy covered with mats or leaves and weighted. The seeds 
began to germinate in 2 to 3 days, when it was sown broadcast in 
the nursery.Some paddy varieties were alternately dried inthe sun 
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and exposed to the night dews for 3 days and nights. They were 
then put in a bag, which was kept under water all the night and 
dried all the day, for another 3 days and nights. If theseeds had all 
germinated, they were immediately sown. Otherwise they were 
filled into a bag and covered with blankets, taken out after a day 
or two and broadcast in the nursery. ; 

In Karnataka, seed was pre-sprouted by putting it into a pot, 
whereit was kept for3 days covered with water. It was then mixed 
with anequal quantity of rotten cowdung, and laid ona heap in the 
house, covered with straw and mats. At the end of 3days the seed 
was fit forsowing. Although this was more troublesome than using 
dry seed, the sprouted seed gave time for a preceding crop of 
pulses on the same field, and saved a quarter of seed. 

Adivasis in the Konkan use sprouted seed when the monsoon 
starts late, since this can be done with a little water only. 

The germination of rice in the nurseries was hastened by 
shading with the young branches of adulsa and buna, or by mixing 
the tender leaves of adulsa with the rice plants. Other plants, 
including ak, bandari, (jakhmi), gulabas (four o’clock plant) and 
sacred basil (tulsi), were also used in the process of germinating 
rice. Several of these are known to be insecticidal and/or fungi- 
cidal. 

In the Chingleput District, in one method of cultivation, after 
puddling, the soil was mixed with leaves and twigs, and dung 
ashes, and germinated seed directly sown. 


Transplanting itself is said to increase yields, hence its use in 
Spite of the largeamountof labour required. 'I'ransplanting is usual 
where theland is toohard to ploughbefore therainsand ploughing 
all therice fields before sowing would lose daysor weeksofa short 
monsoon season. 

The nurseries in which transplanted rice was raised were 
generally heavily manured, with rab a special method used in the 
Konkan, The seedling bed was first covered with a layer of 
cowdung, preferably dry, of about 2 to 3 cm thick. This was 
covered by another layer of tree loppings, of about the same 
thickness. These branches were lopped in December and January, 
from surrounding forests and “waste” lands, before the leaves of 
deciduous trees had fallen. The preferred species were ain, nana 
(lendhia), bonda, and teak, If these were not available in sufficient 
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quantities, shrubs such as dhaiti, ukshi and others were used. 
These were in turn covered by a layer of grass, usually old thatch. 
On this was put a covering of powdered soil, which regulated the 
rate of burning. The soil was spread after a dewfall or after the 
previous layers were moistened with water, so that the soil wasnot 
blown away. The whole mass was set on fire during the middle of 
the day when the sun had already heated it, allowing the fire to 
spread evenly. This treatment killed weed seeds and probably 
some pathogenic soil organisms. Weeds in the monsoon grew 
luxuriantly, and hand weeding not only would be laborious but 
also not very successful. 

Transplantation produced well-grown and vigorous young 
plants raised in highly manured beds, which readily took root 
when put into the main fields. The plants were, therefore, able to 
keep weeds under control. When rice was broadcast sown, the 
weeds sprouted with the young paddy. Although transplanting, 
required greater labour, iteliminated the need for several weeding 
operations. Transplanted paddy also grew better on poor soils, 
since the seedlings could be raised in good soil. Further the extra 
inputs given to the seedlings allowed transplanted rice to ripen in 
a shorter time. 

Sometimes, the seedlings in the Konkan are transplanted 
twice, ifenough rain has notfallen. Asit was necessary tocomplete 
transplanting quickly, a large number of farmers cooperated to do 
their fields in turn. 

In Tamil Nadu, mixtures of three-month and six-month-dura- 
tion paddy varieties are sown together. When the short-duration 
variety is ready for harvesting, both are cut at ground level. A 
special plough is then used to split the tillers of the six-month 
variety, which grow rapidly and provide a second crop 

Richharia has suggested that it may be possible to grow 
mixtures of non-lodging, stiff-strawed types of rice with lodging 
high-yielding types to prevent the latter from lodging. Ifa suitable 
combination is worked out, it may even be possible to prevent 
lodging as well as to produce hybrid seeds by chance cross- 
pollination to exploit hybrid vigour. 

With the enclosure of thecommons, farmers were forced touse 
synthetic fertilizers for their rab. The soil pathogens are not killed, 
neitherare the weed seeds, the fertilizers, rather, making the weeds 
grow better. 
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Irrigation 

While most paddy is rainfed, numerous tanks and other small 
irrigation works provided water in case of monsoon failure. Many 
traditional varictics of paddy are resistant to moisture stress after 
the withdrawal of the short south-west monsoon, but HYVs 
require supplementary irrigation 

In Dharwar and Belgaum, rice was drilled in terraced fields. If 
cnough rain did not fallin May to enable the seedlings to peta good 
startbefore the burst of the regular rains, water from the tanks was 
used for irrigation. 

InGorakhpur District, ifnorain fell before sowing, it was usual 
to irrigate the field, and it was for this purpose that small streams 
were dammed, from which water was diverted by numerous 
channels into the fields. 

In Punjab, as in other regions of India, with the extension of 
irrigation more than a hundred years ago, it was found that the 
cultivation of paddy increased, but the quality of the rice grown 
had fallen off. 


Fertilization 
Rice was fertilized in a manner that enabled the same plots to be 
used for hundreds and, perhaps, thousands of years. 

In Madras, the manure used consisted of every kind of 
refuse procurable, including the dung and urine of cattle, goats, 
horses, donkeys, sheep, and bats, and ashes, lime, sweepings of 
houses, husks of paddy and other grains, the skins of fruits, 
decayed leaves of various kinds, bark, muck from the tanpit, proso 
millet and other straw, silt from flooding rivers and the beds of 
channels and tanks. Household ashes and vegetable wastes, and 
sweepings from the cattle shed were often thrown in a heap to be 
composted. Many of the manures were applied only in particular 
circumstancesand on highly scientific principles. The manure was 
diluted with large quantities of water, and various modes of 
making, altering, and correcting soils were well understood. In 
some areas nightsoil was also used. Cowdung was not much used 
asa manure where the forests were enclosed or degraded, since it 
was needed as fuel. 

Those who had large land areas often could not collect suffi- 
cient manurial material and their crop yields were not good. 
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Synthetic fertilizers, though available towards the end of the 19th 
century, were initially not used for religious reasons. 

In Kashmir, in the interval between sowing and transplanting, 
sheep werefolded in the fields, witha thousand sheep enriching 1.5 
haof land ina single night. They were not allowed to stand in one 
place as their droppings would over-fertilize the land, but were 
kept moving about. The shepherds were paid in rice. Such manur- 
ing nearly doubled the produce of the land. In the Benares region, 
cattle were herded on rice fields. Sheep manure was considered the 
best, with cow manure next, but horse dung was not used for rice 
fields. When dry manure was incorporated into the soil before the 
rains, it was said to serve the next year’s crop; if needed for the 
immediate crop, the manure was scattered by hand over the fields 
submerged by water, A frequent practice was to heap manure on 
tothe first field which receivesirrigation, and from this field liquid 
manure found its way to the fields below. 

‘The weeds that grew and decayed on the land were ploughed 
into the soil, together with the ashes of burnt stubble. In Bengal,on 
large sandbanks on which much silt was deposited, it was found 
necessary to grow indigo or some other leguminous crop before a 
good rice crop could be grown. In Gorakhpur district, often a field 
in which chickpea or linseed had been sown was next used for 
paddy. Thestalks of the former crop were duginto the ground and 
mixed with the soil about two months before the paddy wassown. 

With some very long-duration varieties, a second crop could 
not be taken and the same fields were used year after year for this 
crop alone. When it was cut, stalks of about 25 cm high were left in 
the field; in the hot weather these were burnt and, as soon as any 
rain fell, they were dug into the ground, forming a valuable 
manure. 

Rice was cultivated in the north-west Himalayan region up to 
2000 m. It was usually sownin terraces, where finger millet was the 
previouscrop, the rootsof which were collected and burned. Cattle 
manure and leaves from the forest were gathered and composted 
inthe fields, while twigs and branches from forest trees were burnt 
for their ash. After the seed was sown, it was covered with leaves, 
especially those of chir pine, which were said to decompose easily 
in water and formed an excellent manure. 

The natural blue-green algae which thrive in flooded fields 
often provided sufficient quantities of nitrogen to satisfy the needs 
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of paddy. In Bengal, rice farmers harvested 4 tonnes/ha without 
any chemical fertilizer or manure. 

In some regions, paddy and sann sceds were sown together. 
When the plants had grown, the field was lightly ploughed and a 
kind of harrow passed over it. The paddy plants mostly recovered, 
but the tender sann remained underground and died. The few sann 
plants surviving were removed at the time of weed ing and buried 
in the soil. 

Fish in flooded fields provide manure for the paddy, keep 
down insect pestsand when large enough, supply valuable protein 
for the farmer. 

If the paddy plants grew too high because of excessive manur- 
ing, the leaves were cut abouta foot above the ground, to prevent 
lodging. 

Azolla is a floating fresh water fern which has a symbiotic 
relationship with a nitrogen-fixing cyanobacterium, Anabaena 
azollae. Azolla has been used for manuring paddy for centuriesin 
China, Vietnam and other Asian countries, but does not appear to 
have been traditionally widespread here, probably because it does 
not survive at high temperatures.’ Also, unlike cyanobacteria, 
azolla has to be kept alive throughout the dry season and then 
multiplied rapidly just before the monsoon starts. This requires a 
year-round supply of water and attention. However, azolla grows 
very fast, producing up to 1 tonne/ha/day of green biomass, 
containing up to 3 kg of fixed nitrogen. It has the potential of 
supplying the entire nitrogen requirement for a high-yielding rice 
crop within a couple of weeks. 


Weed and Pest Control 
In untransplanted rice, weeds were controlled by pressing down 
the young plants with a roller consisting of a broad wooden bar 
hollowed on the underside along its length. This was also said to 
prevent the excessive growth of straw at the expense of the grain. 
Farmers sow a purple-leaved variety of paddy toenable them 
to eliminate weeds that look closely like rice. Such a variety is 
required only once in several years, and only a few farmers in a 
particular region may maintain it continuously. The variety has a 
low yield or may not even be consumed, but farmers are prepared 
to sacrifice a part of their production for this only. The economists 


Rie 103 


say that he is being unreasonable but if the purple variety is lost, 
then much more would have to be spent on synthetic herbicides, 
to which weeds are getting resistant. The production of the latter 
is seen as adding to the GNP, but the purple variety is not valued 
forits herbicidal properties.‘ A purple leaved variety isalsogrown 
by a few farmers in north Konkan, but mainly as a show-piece or 
to keep off the “evil eye”. The grain is black and is not eaten as 
food. 

It was a common practice all over the country to scatter the 
leaves and twigs of adulsa on flooded rice fields. Farmers: said that 
they used them, not for their manurial value, but because they 
Killed aquatic weeds that otherwise would greatly injure the crop. 
The adulsa was scattered throughout the field when it became 
covered witha green layer of floating algae forming a scum. After 
the aquatic plants were killed, the adulsa was ploughed into the soil 
asa manure, and only then was rice sown or transplanted into the 
field. If left unremoved, the algae prevented normal growth and 
development of the plants, tillering was reduced and yields were 
depressed. This practice was said to increase the yield of rice by a 
large quantity. Azolla is usually incorporated into the soil by 
beating it down with twigs or by draining the field. Itis probable 
that the use of adulsa may kill them, too, thus saving a lot of labour 
and doing it more efficiently. Adulsa also killed weeds, a fact well 
known to farmers.’ 

Weeds can also be controlled by azolla cover in flooded rice 
fields. The blanket of azolla has to be sufficiently dense to “suffo- 
cate” the weeds but not too dense to harm the rice plants. 

It has recently been confirmed that maintaining the field ina 
flooded condition after planting, killssome weeds and slowsdown 
the growth of others, The level of weed control is directly propor- 
tional to the depth of water in the field with deep submergence (15- 
20 cm of water) being especially effective in controlling weeds like 

Eleocharis and Cyperus species. There are contrasting effects of 
puddling and maintaining flooded fields on insect pests depend- 
ing on species. White grubs, termites, mealy bugs and root aphids 
which attack upland rice are wiped out, while the whorl maggot 
and caseworm, which only attack rice in flooded fields, thrive. 
Standing water encourages the breeding of the BPH. Hatching of 
the Malayan black bug, which laysits eggsatthe base of riceplants, 
is drastically reduced in flooded fields. Conversely, caseworm 
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damage is most severe in fields where the water is deep (20cm) as 
opposed to drained but moist fields where levels fall to zero.” 

Standing water, even intermittent, is essential to good control 
measure of nematodes of the Rotylenchus and Meloidogyne spe- 
cies. Flooding rice fields is an effective means of preventing them 
from causing serious damage to susceptible crops that may follow 
rice in a crop rotation.” 

In most parts of India, theleaves of ak and sehund (milk bush, 
sher) were the preferred plants for paddy manuring. Both, howev- 
er, have little nutrient value compared to other easily available 
plants, and itis probable that they acted mainly assoil and systemic 
pesticides. The leaves of neem or of deodar were sometimes used 
instead. The application of adulsa leaves also served to conirol 
pests since its use as a “manure” was believed to be beneficial to 
crops blighted or diseased. 

In Bengal, bonki, an insect pest, caused considerable damage 
to rice that had been transplanted late. The insects were minute, 
thin, worm-like caterpillars, which ate into the blades and ear- 
stalks. The affected plants became white in colour. The farmers 
scattered small bits of bamboo shoots to control the pest. In the 
Bareilly District, a moth, tirha, which injured rice was destroyed by 
smoking with aniseed or mustard-oil, carried along their tops on 
a lighted cowdung cake, In the Central Himalayas and Nepal, 
when the seedlings sown on sloping land grew a bit, ducks were 
put into the field in order to get rid of slugs, worms, and insects. 
The smoke from mahua oil cake was used in blight on rice. 

Many of these old practices are still in use today. Others have 
been noted, too. 

Warlis put leaves of catechu (khair) at the inlet to paddy fields; 
itcures Brown Spot (Drechalera oryzae) on leaves. Wild date palm 
(shindi) fronds and branches of kurchi (kuda), are put in paddy 
fields to control pests. Crabs are a nuisance since they make holes 
in bunds through which water drains. Warlis put into their holes 
karanjleaves, cutinto small pieces, sometimes added to cowdung, 
to get them out. 

Some of thenewresearchon botanicals for paddy pestsis listed 
here. 

The most important botanical pesticide is neem.” Insects feed 
far less, grow poorly, and lay fewer eggs on rice plants sprayed 
with neem oil, or other neem preparations. Effects have been 
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similar against sucking insects such as the brown plant hopper 
(BPH), and for chewing insects such as the rice leaf folder and the 
ear-cutting caterpillar. The latter has its body appendages de- 
formed and its wings get stuck to the pupal case when treated with 
neem leaves. The rice leaf folder larvae develops abnormalities 
within 24 hours of treatment with neem extracts.'* The number of 
eggs laid by the leaf folder decreases, their hatchability declines, 
while the rate of parasitization increases. Neem has an ovicidal 
effect on the leaf folder, resulting in reduced egg laying. 

Neem leaf extract has controlled paddy stem borers." Neem 
oil controls the spread of rice tungro virus. Neem oil, withsesame 
oilas a synergist, retards the growth of the rice hispa, neem green 
leaf hoppers and white-backed plant hoppers. When paddy is 
sprayed with neem, the number of BPHs is reduced and the pest 
fails to transmit the grassy and ragged stunt viral diseases of rice. 

Even after expressing the oil, the pesticidal chemicals persist 
inneemcakeand are takenup by rice plants from thesoil. Theeffect 
lasts for more than a month. With neem cake incorporated in the 
soil, the BPH population is reduced, and seedlings are protected 
against rice tungro virus. Neem cake also suppresses ostracod 
populations grazing on blue-green algae, which tripled the blue- 
green algal biomass and increased nitrogen-fixation ten fold. 

Neem oil does notkill the natural enemies of plant hoppers and 
leaf hoppers. In fact, paddy fields treated with neem showed a 
higher population of natural enemies than untreated fields. The 
use of neem does not make the grain bitter. 

Among the many other plants that can be used for paddy pest 
control, only a few can be mentioned here. 

Rice blast incited by Pyricularia oryzae is controlled by water 
extract of bael.' Leafand seed extracts of rohituka, bull’s heart, and 
Persian lilac, have an antifeedant effect on the rice hispa. Croton 
sparsifolius acts as an antifeedant for nematodes. Persian lilac acts 
as an antifeedant for BPH and rice hispa. 

In the Philippines, farmers broadcast leaves of gliricidia one 
week after transplanting to control the caseworm. Caseworm 
caterpillars attack young rice plants by cutting off a small piece of 
leaf, rollingitintoa tube, and developing inside this tubeas itfloats 
on the paddy water. Being surrounded by water, the caseworm is 
vulnerable tosmall concentrationsof chemicals like those probably 
released from the leaves.” 
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Persian lilac seed oil decreased the feeding rate, growth rate, 
longevity, and fecundity (number of eggs laid) of various leaf 
hoppers. Karanj oil decreased the feeding rate of BHP and case- 
worm larvae. Custard appleextract decreased transmission ofrice 
tungro virus via green leaf hoppers." 

Leaf extracts of sacred basil, betel vine, queen of the night 
(parijatak) and lemon have been found to be potent fungicides 
against the fungi which incite blast, brown spot and sheath blight 
diseases, respectively, in rice. Betel leaf was the most effective.” 

Extracts of the fruitrind of pomegranate (dalimb), ataconcen- 
tration of 10 grams per litre show, like other tannin bearing plants, 
positive inhibition against Pyricularia oryzae. 


Several other methods of controlling pests arealso being used. 
Ina village in Tamil Nadu, farmers plant in every tenth row a 

variety of rice which is highly susceptible to stem borers, The 

insects feed only on these rows and leave the rest untouched.” 

Farmers say that the use of synthetic fertilizer causes pests to 
increase, with too much nitrogen fertilizer enhancing plant hopper 
populations, increasing the severity and incidence of paddy blast, 
of brown spot, and of bacterial blight. The use of organic manures, 
reduces the pest problem, or rather returns to the pre-synthetic era 
which had less pests. 

If sucking pests appear on the crop, they are repelled by 
spraying a preparation of 4 litres of cow urine and 10 grams of 
assafoetida in 10 litres of water. Paddy blast is controlled by 
spraying witha mixture of 3kg cowdung in 10 litres of water, after 
proper straining. A decoction of bael leaf, 100 grams leaf boiled in 
2 litres of water, cooled and added to 100 litres of water and a few 
litres of cow urine controlled diseases of rice. 

Ploughing and flooding the field are most effective in killing 
the larvae of stem borers. Crop rotation with crops that are not 
grasses help in reducing borer population. Plants given high rates 
of nitrogen fertilizers are preferred by stem borer moths for egg, 
laying and the plants become more suitable for larval growth. 
Green manuring with prickly sesban (dhaincha) or sann reduces 
sheath blight. Spraying of cowdung slurry (2 kg/10 litres of water) 
can minimize diseasedevelopmentand spread ofbacterial blight 

Whenever mealy bugs attack rice crops, the place of attack is 
demarcated and after the harvest is over the demarcated area is 
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burnt toarrestrecurrence of the pest. Further,ak leavesare applied 
to the field as “green manure” to control this pest.” 

For controlling thrips, the rice nursery is irrigated so as to 
submerge the plants for some time and the water drained to wash 
away the insects. 

Mesta seedsare sown, intermixed with rice, in upland dry rice 
fields for controlling termite attack. Roselle (lal ambadi, patwa) is 
considered better than mesta.” 

InSriLanka, wicksmadeof discarded monk’srobesaresoaked 
in coconut oil and burned; the yellow vegetable dye burns witha 
bright light and emits a very strong smell that repels rice pests.* 
Also, bamboo leaves were buried in inlets if paddy plants turn 
yellow. 

Flooding rice fields early in the season, for7 daysis 95 to 100% 
effective in controlling the yellow stem borer. Other practices 
include trapping insects and draining standing water in rice fields. 
Hand removal of the weed rice grass (jangli dhan) controls the gall 
midge, which overwinters on the weed.” 

Another major pest of rice, the paddy armyworm, has been 
controlled by digging and oiling trenches across the larval line of 
advance, 

The paddy fly has been controlled by trapping with spoiled 
meat, and uniform local planting to restrict flowering period. 
Mechanical control means have been used, including netting fly 
swarms with large bag nets in India and dragging large bags 
(coated on the inside with oil emulsion) across the growing cropin 
Malaysia. The paddy fly can also be controlled by pyrethrum and 
derris dusts.* 

Drawing gummed ropes across the field causes insects to stick 
to them, 

Arecent practice for BPH control islighting powerful crackers 
in infested spots. This gives very good results. 

A crushed paddy bug put into dead crab shell is placed ina 
hole dug to about50cmdeep. Itissaid that paddy bugscome down 
from earheads to the base of the paddy plants; this may probably 
act as a pheromone.” 

Thecultivation of rice over millennia has allowed a wide range 
of pests and diseases to develop, but with them also evolved 
predators and parasites which controlled them. Without such co- 
evolution, the cultivation of rice would have been impossible 
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today. A typical rice field in the tropics supports 800 species of 
“friendly insects” — spiders, wasps, ants and pathogens that, if 
recognized and protected, will control 95% of insect pests without 
synthetic pesticides.” However, the damaged environments may 
require some pest control now. 

Trees in or near fields provide perches for a large variety of 
predatory birds. Bamboos and other plants are staked in the fields 
for the same reason. These are sufficient to take care of plant and 
leaf hoppers and most other pests. The important brown plant 
hopper predators are spiders and water striders. A single wolf 
spider in a rice field can eliminate at least 20 brown plant hoppers 
ina day. Leaf-folders are controlled by several insects, including 
predatory beetles. A tiny wasp parasite layseggs inside leaf-folder 
larvae. Another wasp parasitizes the eggs of the black bug. 

Tn some areas, ducks are allowed inside the ficlds after the 
harvest of the short-term rice crops, to eat snails and insects in the 
stubble. 

Ithas recently been found that there are complex relationships 
between weedsand pests, which bring out theimporlanceofall the 
former to flourish, not only on the edges of fields but also among 
the rice plants themselves. 

There is firm evidence to show a relationship between pres- 
ence of weeds of Echinocloa species and bird damage. Some 
farmers purposely grow samak (sarvank) alongside rice, because 
the long awns of its spikelets drive the birds away." 

Other rice pests show contrasting behaviour patterns with 
respect to the presence of weeds. Defoliation by green semiloopers, 
green hairy caterpillars and the whorl maggot was found to be 
greater in plots which had been weeded. However, caseworms and 
leaf folders were found in greater numbers on unweeded plots. 
Probabilities are that the higher numbers of caseworms and leaf 
folders were entrapped in the thick foliage, while the presence of 
wecds made the water inconspicuous to adult green semiloopers, 
green hairy caterpillars and whorl maggots which were not at- 
tracted for egg laying.” 

On upland rice, weeding during the first month after seedling 
establishment forced armyworms, which have a preference for 
grassy weeds, on to the rice plants. 

The relationship between weed hosts and insect pests may 
involvenatural enemies. Parasitization of the swarming caterpillar 
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and the common cutworm bya tachnid fly was found to be greater 
on weedy fields containing the weed species Rottboellia and 
Amaranthus than on weeded fields. The cricket, Metioche 
vittaticolis, is an important predator of eggs, nymphal/larval 
stages of many rice pests including eggs of leaf folders and striped 
stem borers and the young nymphal stages of BPHs and green leaf 
hoppers. The cricket prefers to lay its eggs on weeds including 
Fimbristylis miliaceaand Monochoria vaginalis (nanka), two weed 
species commonly found growing with rice" 

Paddy yields have been sustained by preserving the complex 
ecosystem of the flooded fields and their surroundings. Aslongas 
this micro-ecosystem is not interfered with, the natural fertilizing 
and insect control processes enable a paddy field to yield steadily 
for thousands of years. 


Multicropping, 
In spite of the short duration of the monsoon, ingenious methods 
of obtaining multiple crops without irrigation have been used * 

In jhum cultivation in Burma, rice and cotton, or sesame and 
cotton were broadcast. 

In Tamil Nadu, mothbean and pearl millet are sown together. 
The mothbean kceps down weeds while millet is growing. After 
the millet harvest, the mothbean is left standing. Dry-land rice is 
then broadcast over the mothbean after which the latter are 
uprooted by hand and dropped on the soil as a mulch.* 

In some places, the seeds of a variety of sorghum are mixed 
with rice. The sorghum plants, when about 1 m high are uprooted 
for fodder. 


Harvests 

In Bombay, a hundred years ago, the yield of rice froma measured 
plot was found to be4.5 tonnes of grain per hectare. This was from 
a crop for which rab was not used, neither wasit irrigated; grown 
every year on land reclaimed from the sea, but heavily manured 
with sweepings from the Bandra slaughter-house. Because of the 
excessive rains in that year, and the consequent growth of weeds, 
it was considered only a“’12 annas” (75%) crop. Correcting for the 
fact thatit was only a 75% of a normal crop, the yield works out to 
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6tonnes/ha. Unfortunately the variety of the paddy usedin thetest 
wasnot mentioned. Itmust have been ableto absorb high nutrients 
without lodging. 

The average production of paddy in Chengalpattu district in 
Tamil Nadu around 1770 was around 3-4 tonnes/ha, and the best 
lands in the district produced 6 or more tonnes/ha. Some HYVsin 
thearea today yield around 6 tonnes/ha-” In all these figures there 
is confusion about whether they refer to unhusked paddy or 
husked rice weights. Husked rice weighs about 25% less than 
unhusked paddy. 

In Karur, samba and kuruvei paddy were grown as cold 
weather transplanted crops fromNovemberto March, which were 
watered daily with the surface of the soil always under water. The 
yields were between 3 to 4.7 tonnes/ha. Under these conditions, 
the plants sent down short taproots which was considered the 
reason for the high yields. The present average yields in Tamil 
Nadu are 4 tonnes/ha, which are 200 kg more than Punjab‘s 
output.® 


Second Crops and Rotations 

In Bihar, rice was the kharif crop followed by wheat, barley and 
pulses, Sometimes there was an intermediate crop of maize or 
millets. 

In Patna, rice was sown in June or July and harvested in 
November or December. Kesari or linseed was sown among the 
paddy plants in October when the rice was in flower. The rice was 
reaped below the ears, with the stalks left standing to be later used 
as fodder. 

In Bengal, pulses, jute, sugarcane, oilseeds, potatoes or winter 
vegetables, were among the rotation crops grown. In jute growing 
lands, therotation used was: First year: aus paddy followed by one 
of the pulses or oilseeds or the two mixed together. Second year: 
jute followed by the same. Sugarcane was grown on aus land, but 
it took a full year to mature, and could be grown only at long 
intervals, every third or fourth year, the crop which preceded and 
followed it being paddy. 

In Dharwar district of Karnataka, sugarcane was grown once 
every third year. Where the soil had good natural moisture sugar- 
cane was grown without watering, Crops of mung, lablab beans, 
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clusterbean (guar, matki) and chickpea were also grown after rice 
in hollows which remained damp till late in the year. 

In the Central Himalayas and Nepal, after the harvest, radish, 
mustard or other crops, were usually sown. In Kashmir, a common 
rotation was three years of rice followed by four years of cotton. 
Another was rice followed by maize, barley, or wheat. Rotation 
with the first three was said to improve the yield of the following 
rice crop, but that with wheat did not. 

In Tamil Nadu, where irrigation water was sufficient, either 
rice, bananas, sugarcancor betel vines were grown according to the 
soil’s characteristics. Where water was scanty, finger millet, pearl 
millet, sorghum, proso millet or rapeseed was cultivated immedi- 
ately after the principal rice crop was reaped. 

In the Konkan, after the paddy harvest, leguminous crops 
were grown in fields in which the soil retains sufficient moisture 
in the dry season. One traditional system used rice (kharif), sann 
(rabi) in the first year, and rice and any other leguminous crop 
suchas mung, blackgram, lablab bean, but not sann, in the second 
year? 


Storage 
In Bengal, paddy was stored in moras and in delis (large bamboo 
baskets). The mora was made of loose straw, and was of spherical 
shape. The paddy was placed inside, and was bound round and 
round with straw or bark ropes. The straw remained a few 
centimetres thick over the grain, and was made tight and hard by 
being bound up with ropes. A mora contained up to 750 kg of 
paddy. Paddy kept in moras was completely free from weevils, 
and kept better than when it was stored in bamboo baskets. The 
latter were of a roughly cylindrical shape with a concave bottom. 
They were plastered on the inside with mixed earth and cowdung 
in order to make them air- and water-tight. After being filled with 
paddy the tops were covered up with straw, which was subse- 
quently plastered over with the dung mixture. 

In the Bombay area, paddy was stored in large clay potsof 50- 
75 kg capacity, with a layer of neem and karanj leaves put in the 
neck only and then sealed with cowdung plaster. This gave 
protection for a year or more. If pots were not available, two large 
bamboo baskets were used. One was inverted over the other and 
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their rims stitched together with cord. A small opening was cut at 
the top (bottom of the inverted basket) and the whole was coated 
with cowdung, The opening was sealed with cowdung, This gave 
protection against all insects and rats. These methods are still in 
use. 

The Warlis make a bamboo mat, which is then formed into a 
cylinder. The cylinders stood on its edge on thenormal floor of the 
hut, and paddy put into it. Dry grassis put on the matand coated 
with mud. If only small quantities have to be stored, the bottom of 
the cylinder is closed so that it can be moved from place to place. 
A mat of the leaves of flame-of-the-forest (palas) stitched with 
small sticks is sometimes used instead. 

Several other methods were used to control pests in stored 
paddy. 

Wood ashes of babul, casuarina (suru), mango, and tamarind 
are used traditionally to protect stored paddy.” The powdered 
rhizomes of sweet flag are effective in killing insect pests in stored 
tice and show no residual effect. They are used at the rate of 1 kg 
for 45 kg of paddy. The ether extracts of the rhizome exhibits 
ovicidal and insecticidal properties with no residual toxicity. The 
vapours of the oil are reported to have a sterilizing effect on the 
khapra beetle. 

In Sri Lanka, farmers burn neem leaves to generate smoke for 
fumigation against insect pests of stored paddy." The rice weevil 
is controlled by neem." Powdered or whole dried chillies are used 
to protect stored paddy. The powdered rhizome (2%) of turmeric 
is mixed with stored rice in West Bengal. 

Water hyacinth can kill the rice moth. A compound isolated 
from theextractis able to kill themothatthelarval stageata dosage 
of less thana millionth of a gram. Most of the larvae become black, 
exude their body fluids, and die before reaching the pupal stage. 
Even crudeextractshowsinsecticidal properties. Thelarvaetreated 
with the extract either die or develop intodeformed, sterile adults. 
The extract contains sterols, which can disrupt the growth and 
reproduction of the rice moth.” 

Traditionally, fresh or dried leaves of supti are used to protect 
paddy. The young leavesand flowers ofkomal are used asaninsect 
repellent in paddy godowns. Nirgundi leaves act asa repellent for 
insects,“ in particular, the lesser rice weevil. 

In Tamil Nadu, some varieties of rice were stored for several 
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years without any deterioration of quality at all. It was such 
storage that helped prevent starvation in times of drought. 
Numerous other practices have been and are still being used 
to control pests in stored rice, with over 40 plants found to be 
effective in the control of the rice weevil alone. Fine, fully burnt 
paddy husk ash itself was found to be extremely effective in 
controlling it. The use of synthetic pesticides seems inexcusable. 


Paddy Products and Uses 

Rice has been the mostimportant food grain in India for thousands 
of years. It was and still is made into dozens of preparations, often 
special for particular regions in the country. 

In many areas rice still forms an important part of the culture. 
Each traditional paddy variety has religious or other cultural 
significance; but IR8 and Ratna have none.* 

Rice was specially prescribed as an article of diet for the sick 
and convalescent. Several rice preparations were used as adiet for 
dysentery, urinary infections, respiratory tract infections and 
other diseases. The different varieties of rice were also held to have 
different medicinal effects. A wild rice, called devobhata, found in 
swampy spots near Bombay, was carefully collected for medicinal 
use.” Kolpiis a paddy variety that is easily digestible and so eaten 
by old people. In Pondicherry, there isa variety which is given to 
lactating women to increase milk. In Ratnagiri district, people eat 
one variety in summer and another in winter. 

Alcohol from rice is frequently mentioned in the Institutes of 
Manu, written about 2,000 years ago.However, because palm 
liquor was so much cheaper, it was not used as much as in other 
countries. 

After the harvest, the stubble and roots were left to enrich the 
soil. Cattle were allowed to grazeon the stubble, thus “harvesting” 
what the farmer could not easily cut as well as fertilizing the soil 
for the next crop with their excreta. When attempts were made by 
the British to buy the straw from farmers for experiments in 
making paper, the farmers told them that it was too valuable to be 
sold, with the retention of the roots being of great agricultural 
importance. 

Where the rice variety does not grow tall enough for the 
straw to be used for thatch or similar purposes, it was cut more 
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than 15 cm above the ground, so that more was left for grazing 
animals. 

After threshing, the straw was used as fodder, cattle bedding 
and ae ee straw obtained from manually threshed paddy 
wasalso us for thatching ii ili i 
arte ig roofs, having the ability of keeping off 

Where rice was a staple, rice straw was used as a fodder even 
thoughit was less nutritious, asother fodder was scarce. Straw that 
had been trodden on for threshing, that of salt rice and that of the 
long-stemmed paddy, was too coarse to use as fodder, and was 
burned as fuel or for manurring the paddy fields. 

Straw was used for making twisted and plaited ropes and 
baskets, sandals, necklaces and other articles of personal 
adornment. Necklaces were also made from unhusked rice. Rice 
ue fal in the manufacture of ink, and by washermen to make 
starch. 

A pale yellawish-brown dye was obtained from the rice husk 
by boiling it in water, giving various light colour shades by 
different processes. The husk was used as fuel for Pparboiling and 
drying rice. The white ash produced from burning the husk, high 
insilica, isnow sold for usein transparent toothpastes, as a cleaning 
compound for floors and for absorbing grease, and is used for the 
producti on of cement. Itisalso used asa filler, additive,and carrier 
inthe chemical industry. Rice hulls canbe used as an aggregate for 
concrete blocks, as a base for pressed board products, for the 
manufacture of furfural (used in the dye and plastic industries), 
and forinsulation. Hulls are compressed into briquettes for fuel.* 
Rice husk is used as litler in cattle and poultry sheds, 

Ricebran is used asa feedstuff for cattle, poultry and pigs,and 
asa source of rice bran oil. About 8% of the weight of the paddy is 
bran. It is rich in vitamins, minerals, fat and protein.” However, 
unmilled rice should be consumed as food rather than waste these 
nutrients on animal feed. 

: tite huis can be a cheap source of silica for making zeolites, 
ne of which is showing promise it i 
Si '§ Promise in the synthesis of petrol from 

But the use of any rice product that reduces the quantity of 
organic matter available for recycling on the farm itself or by 
farmers for their domestic purposes, could reduce long-term 

outputs of rice itself. 
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The Destruction of the Traditional Rice System 

The sustainable systems of paddy cultivation were destroyed by 
many means. The enclosure of the forests reduced nutrient avail- 
ability and so reduced paddy productivity. It was noted, about a 
hundred years ago, that while thousands of tonnes of tree trunks 
were allowed to be used for fuel for railway steam engines, paddy 
farmers were prohibited collecting the unused side branches and 
leaves for rab.*' Paddy land wasconverted tothe cultivation of jute 
and indigo. Rice was exported to Britain, mainly for brewing 
alcohol and for industrial starch. 

The “modernization” of Indian agriculture has resulted in a 
loss in self-reliance, sustainability and security on the part of 
farmers and the country as a whole, the greatest reduction in 
sustainability occurring with the replacement of the thousands of 
traditional varieties by a few HYVs in the last few decades. 
Moreover, the germplasm of thousands of traditional varieties has 
been appropriated by the so-called International Rice Research 
Institution (IRRD. 

‘The loss0of self-reliance occurred due to theincreasing depend- 
ence of farmers on outside inputs of seeds, fertilizers, pesticides 
and energy. The high susceptibility of HYVs to pests makes 
cultivating them very risky for farmers as well as the country asa 
whole. The West now promises farmers that biotechnology will 
revolutionize paddy production, acknowledging the failure of 
HYVs. 

At present most of the paddy straw of HYVs is burnt in the 
field, since heavily indebted farmers must sow another crop 
immediately after they reap, leaving no time for the straw to be 
composted. The loss to the farmer of fodder and fertilizer is not 
accounted for. 

There are suggestions to use the straw for the generation of 
power, whichis better than just burning it, butstill not sustainable. 
It is claimed that the total power generating potential of paddy 
straw in Punjab is around 1600 MWe.” When —notif — oil prices 
rise and tractors become uneconomical to use, then the existence 
of such power stations would very effectively prevent the re- 
introduction of draught cattle — the only possible alternative to 
tractors — because the price paid for the straw would precludeits 
more sustainable use. 

Flooded rice fields store an enormous quantity of water, 
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releasing it slowly into nallas or allowing it to seep underground 
to recharge the water table. Their development has played and 
still plays a large part in regulating water flow and soil erosion 
after heavy rains. But there have been “expert” recommendations 
to abandon rice cultivation completely and promote instead 
fruit production, because of the higher economic yields of the 
latter. If this was done in heavy rainfall areas, large scale 
flooding would inevitably follow. Moreover, fruits and vege- 
tables cannot be stored to cover drought years or other losses, 
as cereals can. The new agricultural policies of promoting 
crops which can be processed and exported could have similar 
results. 


Return to Sustainability 
A return to traditional practices will naturally be a return to 
sustainability. 

Richharia’s studies show that some Adivasis have elaborate 
methods of selecting their seed for the next crop. They also mix 
varieties which produce hybrid seed, with their expected vigour. 
Richharia has developed a method of clonal propagation by which 
a single grain of paddy can be multiplied to produce thousands of 
plants within a single season.» 

Outputs can also be raised by using traditional varicties. In 
the uplands of Orissa and West Bengal where summer rice is 
grown, traditional varieties have not yet been replaced by 
HYVs since water is not adequate and the farmers cannot afford 
fertilizers. The farmers needed a rice variety which gave reason- 
ably high but stable yields under adverse conditions, one that 
matured quickly before the soil dried up. Two traditional varieties, 
called annada and rasi were found which gave good yields even 
when directly seeded. The farmersalso discovered thatit wasmore 
profitable to intercrop these early varieties with groundnut. In 
addition, they found that annada and another early rice variety, 
called kalinga-3, are well suited for cultivation in summer, with 
jute in succession, followed again by a rice crop at the end of 
August 

In the coastal, low-lying areas in the district of 24-Parganas, 
farmers often raise one crop of rice and abandon the land when it 
gets inundated. This was avoided by digging a quarter of the field 
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deep enough to raise fish. The dug out earth was used to raise the 
height of the remaining part of the field on which quick-maturing 
rice varieties were grown in sequence with other crops. The land 
was fortified with broad field bunds, on which high-value veg- 
etables were raised. 

In most of their small holdings, marginal farmers often raise 
only one crop of rice. On odd pieces of moist land in backyards and 
farms, some farm women started cultivating a sedge, gula methi. 
The sedge provided raw material from which women wove mats 
in their spare time and sold them in the local market, each woman 
earning about Rs 20 a day. 

Itmay benecessary to introduce rab inotherareas if theclimate 
changes to make monsoons shorter and more erratic. 

There is room for simple improvements in technology. Ardu- 
ous labour is required for transplanting. It is women who do most 
of this painful work, standing bent in water for hours at a time. 
Simple technologies could also increase output where labour is a 
constraint. But where itis not, it should not deprive people of work 
unless a ready alternative is provided. 

The use of traditional techniques can raise the sustainability of 
paddy cultivation considerably, at little cost and risk to farmers. 


Chapter 7 


Cotton 


The earliest sample of cotton cloth discovered so far in India, was 
in the ruins in Harappa of the period around 3000 BC.! 

While rice was the crop that contributed the most to food, 
cotton contributed to clothing. Cotton textiles formed the chief 
industry till about 200 years ago. Its magnitude can be judged from 
a Portuguese statement that “every one from the Cape of Good 
Hope to China, man and woman, is clothed from head to foot” in 
the products of Indianlooms#Cotton was the mostimportantcrop 
after paddy and pulses. Towards the end of the last century, about 
6 million hectares were under cotton. 


Cultivation Practices 

Cotton was cultivated on an extensive scale in Gujarat and Maha- 
tashtra, as Hove found in 1787. For miles and miles, as far as the 
eyecould see, plantation after plantation of cotton stretched across 
Cambay. On the lower-lying landsa form of Gossypium herbaceum 
(the yellow-flowered cotton, as he called it) occurred, and on the 
higher sandy soils G. arboreum (the tree cotton with red flowers) 
was grown. 

Cotton was usually cultivated only on soils having deep- 
seated moisture and in districts subject to rain at the season 
necessary for the plant. Hove also saw cotton being irrigated, 
with the fields banked up toretain rain water, and wellsdug in their 
vicinity, from which water wasdrawn by Persian wheels or leather 
buckets raised by bullocks. Varieties of cotton were often grown on 
inundated land or evenin brackish swamps. In Ahmedabad it was 
said that “of the three varietiesof soil, mixed besar, is the best, black 
kali, the next, and light goradu, the least suited to the growth of 
cotton”. Manure was used in light, but not in mixed, soils. 
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Varieties 

Cotton cultivation in India covered a wide geographical region. 
Climatic conditions, amount and distribution of rainfall, compo- 
sition and fertility of soils, and prevalence and severity of diseases 
and pests differ from one area to another, necessitating the selec- 
tion of a large number of varieties to suit particular microregional 
conditions. The bulk of cottons grown in India were of short or 
mediumstaple (length of fibre). They were pestresistantand could 
stand normal variations in rainfall while still producing a reason- 
able harvest. 

New varieties of cotton were being developed or selected by 
farmersa hundred yearsago. Farmers werenotaverse totrying out 
new varieties from other regions, but checked them with extreme 
care before cultivating them on a large scale. In Yeotmal, in the 
carly 1890s, a short stapled variety called houri, which gave a 
higher yield partially displaced the jari varicty which was the most 
common till then. Around 1895, both had been replaced by anew 
variety called kateli (from a thorn on the seed) which was more 
profitable to sow than either of the others. This was probably an 
accidental hybrid. 

In Khandesh, 3 local cotton varieties, varhadi, banihinganghat 
and jari hinganghat were cultivated, but a variety from New 
Orleans, acclimatized in Dharwar, was also being pushed by the 
British because of its longer fibre. Bani was an early variety with 
alonger fibre than jari. It matured a month or six weeks later, was 
whiter but of shorter staple. 

| Since 1831, the British tried to introduce and promote the use 
of exotic, long-staple cottons. The initial produce was found to be 
inferior to local varieties on various grounds. Farmers were reluc- 
tantto grow “improved” cotton because they very often went into 
serious losses, and while the government remitted the farmers’ 
land cess, no compensation for time, labour or profit was pro- 
yided § The New Orleans cotton variety suffered when the rains 
stopped too early as well as when therains were too heavy, neither 
of which affected local cottons. In addition the exotic cottons 
suffered from blight, and their fibre was inferior in strength and 
whiteness to local cotton.’ 

In 1850, another attempt was made at introducing irrigated 
exotics. The plants grew well initially, but the pods rotted and the 
flowers were eaten by caterpillars. A second flush of flowers 
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came, but the plants were too weak to produce the fibre. Still the 
farmers were persuaded to grow more of it by distributing prizes, 
but again farmers did not take up the cultivation of exotics.’ From 
1864 on, further attempts were made and though the fibre was of 
good colour and appearance, it was so weak as to be useless, and 
it got stained in cleaning. 

In contrast to the problems with exotic varieties, the 
local varhadi variety was very easily and reliably cultivated. 
Although not suitable for the imported cotton machines, it 
worked fine on local ones and was satisfactory for the cloth used 
by the majority of the people? Even in 1880, the Cotton Trade 
Association said that hinganghat was the best cotton for Khan- 
desh to grow. In addition, its even, silky staple was a special 
favourite with spinners; the American variety also fetched alower 
price.'” 

Inaddition to thenormal jari and bani varieties grown in Berar 
(which comprised parts of districts in north Maharashtra and 
south Madhya Pradesh), there was one cultivated as a rabi crop, 
sownat thesame timeas wheatand harvested in March and April. 
It was sown on marshy and water-logged land which could not bé 
cultivated in the monsoon but which retained its moisture well into 
the hot season. Its yield was less than jari. 

These varicties were being ousted by a vilayati-khandesh (not 
from outside India, but from outside Khandesh) variety, which 
gave a higher yield. Farmers liked it because it required less rain 
and was not particular as to soil requirements. 

Some traditional varieties wereso particularas to theirsoil and 
other requirements, that they deteriorated in quality whenplanted 
in non-traditional areas. There was a variety in Rajasthan call¢d 
barareea which produced a very fine cotton employed in the 
manufacture of a fine cloth called mahmudi. If the seeds of this 
variety were sown in any other fields even of the same district in 
which it was normally cultivated, the cotton produced lost all its 
peculiar qualities. | 

Hove reported seeing a yellow-coloured cotton cultivated 
widely, but by 1884 even the knowledge of it had died out among 
the farmers. There was a khaki variety of cotton grown in Cachar 
and Manipur. 
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Sowing y 
Cotton seeds were planted in furrows so that, with the first rains, 
they would get enough moisture to germinate. 

For the Gujarat umrawat, dhollera and broach varieties of 
cotton, the land was prepared in May-June, seeds were sown in 
June, and the harvesting carried on from December to May. 

In Khandesh, the seeds were prepared by rubbing them to 
remove all lint, then coating with a plaster made of cowdung, 
mixed with cattle urine and soil from an anthill, rubbing on the 
ground ora sack, and drying. Thisplastering was donea few hours 
before sowing." 

In Karnataka today, too, the seeds are coated with cowdung, 
cow urine, and household ash, partially dried in shade and sown 
by dibbling to ensure uniform germination.” 

In some areas two types of local cotton varicties were grown 
together, a practice which had advantages in areas where the 
weather hazards were high. 


Irrigation 
Cotton was usually cultivated only in those areas which had the 
required rainfall pattern and which possessed soils which retained 
moisture. However, in some regions, irrigation was used at par- 
ticular times in the crop’s growth period to get, not higher yields, 
but to improve the quality of the fibre. 

The British demands for cotton, caused farmers to irrigate for 
increased yields. After about 1850, irrigation decreased as the 
prices of local cotton dropped because British textiles were pushed 
on the market here. Later, as the demand for cotton increased due 
to exports by the British during the American Civil War, irrigation 
began to be used again and food crops suchas wheat and chickpea 
were displaced by cotton. In northern Gujarat, irrigation in- 
creased yields but made the crop more susceptible to frost. 


Fertilization : 
Intercropping and rotations with legumes provided much fertil- 
izer for cotton. 

In Rajasthan, Madhya Pradesh, Berarand probably most other 
areas, nightsoil, cow, goat and sheep dung, ashes, and all sorts of 
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refuse were heaped together near villages, to be used as manure, 
The best was thought tobe the dung of goats and sheep. Fuel wood 
was very expensive in Rajputana, socowdung wasonly used in the 
rainy season when it could not be made into fuel cakes. 

However, manure was not always used, because centuries of 
experience had shown the farmer that as long as there was 
sufficient rainfall, manured cotton produced excellent yields, but 
if the rainfall was deficient, manured plants produced only wood 
and leaves with little or no fibre.On a long-termayerage, not using, 
manure gave higher yields than using manure. 

Till the 1950s at least, the same practices were followed, with 
practically no manure given to the crop when grown under rainfed 
conditions, though the field was sometimes lightly manured by 
penning sheep or by adding farmyard manure or oilcake. Usually, 
it was the crop preceding cotton that was manured. 


Pest Control 

Some pest damage to the cotton plant may actually be beneficial, 
with a small amount of insect feeding stimulating the plant and 
resulting in increased yields. Although cotton has been grown as 
an annual crop, it retains its perennial, indeterminant growth 
capacity, meaning the plant is often able to compensate for fruit 
and leaves lost to pests. This compensation is related to the stage 
of the plant's growth. Removal of more than 25% of leaf area from 
the plant during the boll growth stage may result in some yield 
reduction, while 100% leaf removal during the lint-ripening stage 
may result in no yield loss. 

The sowing of cotton seeds coated with cowdung provided 
protection from pestsas wellas fertilizer for the seedling, a practice 
which Western agriculture has only recently introduced. 

In Khandesh, cotton occasionally suffered from a blight, bo- 
cause of which the flowers and pods fell off. It was controlled by 
ploughing between the rows. 

The larvae of a pest which attacked young plants was con- 
trolled by sprinkling ash over the plant. The larvae of the pink 
bollworm which infected the seed was killed by scalding with hot 
water. The large hairy caterpillar which attacked the leaves and 
stem on the approach of therains, was usually controlled by birds, 
butif too numerous, were picked off by hand. An aphid frequently 
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attacked cotton crops, but it did not attack any cotton field grown 
near sann. The flowers of sann also gave a yellow dye used for 
cotton. 

In addition to traditional practices, several others can be 
implemented to help keep insects under control. 

Among the plants traditionally intercropped with cotton, 
mestamay have served asa trap crop forspotted bellworms, which 
are attracted to it." Sorghum has been found to preferentially 
attract the cotton pests’ natural enemies.'7 

Diapausing larvae of the pink bollworm hibernating in stored 
cotton seeds can be destroyed by spreading the seedsin thin layers 
and exposing to bright sun. Exposure of seed at 68 degrees Celsius 
for 3 hours did not have any ad verse effect on seed germination.'* 
A heavy foraging of cotton fields by goats or cattle immediately 
after harvest may destroy more than 94% of the pink bollworms."* 

Insects thatchew and suck sap should be controllable by neem. 
Among them are pod borers, caterpillars which feed on leaves and 
developing fruit. The sucking, insects, plant bugs, aphids, leaf 
hoppers, and whitefly, mostly attack cotton leaves and stems, 
piercing them with beak-like mouthparts and sucking up juices. 
‘The cotton aphid and whitefly also attack young bolls, and cause 
further damage once the bolls have opened, because they secrete 
honeydew, in which fungi can develop. The fungi stain the cotton 
fibre, lowering its quality.” 

Exposure to neem oil vapour in the lab reduces the number of 
fertilized eggs produced by the spotted bollworms, major pests of 
cotton. Neem reduces the number of eggs deposited by the Egyp- 
tian cotton leafworm, as well asthe amount of leaves eaten.” Neem 
is effective on the cotton grey weevil.” In Egypt, itis controlled by 
hand-picking the insects.” Water extracts of neem act as a strong 
repellent on whiteflies.* 

Cotton stainers are controlled by the seeds and leaflets of siris, 
and by seed oil and rootextracts of Croton tiglium,*by vach (sweet 
flag, vekhand)?é by neem (as an anti-growth factor), and by betel 
vine extracts. The red cotton bug, in controlled by vach, by custard 
apple seed oil and by arkamul (Indian birthwort). The oil from the 
gum resin of salai acts as an effective growth regulator.” They are 
also controlled by the essential oils of gangotri and pathri 

The spotted bollworm, also known as the okra fruit borer, is 
controlled by extracts of garlic and dhatura species, which are 
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antifeedantand insecticidal against the fifth instarlarvae”Nimurdi 
oil induces impotency in adult males. 

The cotton bollworm is controlled by neem because of its high 
antifeeding activity, neurophysiological action and anti-growth 
factors.” A major volatile constituent of neem seeds is larvicidal2" 
‘The activity of the bollworm is influenced by the lunar cycle, being 
highest at new moon. This knowledge can be used to choose the 
planting time so that the period of intensive fruiting is in between 
two new moons. There are several predators of bollworm eggs, 
among whichareants, ladybirds, spiders, predaceousmites, green 
lacewing larvae and other species.” 

A fullmoon disrupts mating among many noctuid moths. Egg 
laying increases after the full moon, peaks around thetime ofa new 
moon, and declines until after the next full moon. Planting can thus 
be timed to minimize the possibility that eggs will be laid at the 
most critical time of boll development 

A number of predators and parasites are now available for the 
control of several cotton pests, but these are all commercialized, 
not free to the farmer. Trichogramma wasps control cotton pests. 
The exotic parasitoid, Chelonus blackburni, attacks all three spe- 
cies of boll worms. Bracon kirkpatricki, a braconid parasitoid, also 
controls bollworms.® 

Predator birds can be attracted by regenerating the “waste- 
lands” and forests and also by using supplementary foods to 
attract them or to provide food when the prey have been con- 
trolled. Bee-eaters, for instance, eat insect pests of unharvested 
cotton. Many species of birds are predators of the boll weevil” 

ootrotis common in Punjab, Ithas been found that intercrop- 
ping of cotton with sorghum or mothbean reduces disease inci- 
dence, because the shade it produces checks the rise in soil 
temperature. Traditionally, sorghum was commonly intercropped 
with cotton. 

Anthracnose is common in Madras, Madhya Pradesh, Maha- 
rashtra and Bengal. As the disease is transmitted by secds, it may 
have been the cowdung coating that formerly keptitunder control. 


Intercrops and Rotations 
In Khandesh, cotton was seldom sown in the same field more than 
once in three years, the intermediate crops being wheat and 
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millet.” This effectively prevented the build up of pests and also 
permitted more farmers to cater to a fixed demand. 

Some 22 crops suitable for cultivation in mixture with cotton 
have been listed, the more important among them being sorghum 
and tala (foxtail millet). Intercropping with groundnut raises 
cotton yields. 

Inmost parts of Indiaa large percentage of thecotton lands was 
regularly planted with mixed crops, one or two rows of cotton 
alternating with a row of one or other of the bushy pulses or some 
other crop. In the north, pigeon pea, the most common intercrop, 
was generally sown in parallel lines, not broadcast; the pigeon pea, 
in addition to fertilizing the soil, provided shade for cotton seed- 
lings under which conditions it grew best. The cotton plants were 
also protected from cold winds and frost. The next preferred crop 
was sesame, followed by blackgram or mung sown broadcast. The 
fields were surrounded by an edging of castor and of the fibre 
plant, mesta. 

In Gujarat, rice was often grown between the rows of yellow- 
flowered cotton, whereas with the red-flowered cotton, pearl 
millet, sorghum, or chickpea were grown. The yellow cotton was 
sownat the end of the rains, so that it did not get destroyed by too 
much flooding. 

An article in the Poona Agricultural College Magazine of 
1912, lists 44 regions of Gujarat, each with its own cotton varicties, 
rotation and intercropped species, showing the extreme care taken 
to fit the crops to the local ecological conditions.” 

Around 1910,a traditional variety, kanmi, was grown around 
Anand, north Gujarat, where the soil was a sandy loam. It had a 
long growing, period and was generally grown where there was 
irrigation. The following technique was used to save irrigation 
waler (and taxes). Okra was grown asa rabi crop and just before 
the last one or two irrigations of the okra crop, in the beginning of 
May, kanmi cotton seeds were sown among the plants. The seeds 
grew for 15 to 20 days under the irrigation which okra required. 
After the firstrains, the okra was uprooted and the land cultivated 
twice between the cotton plants with anordinary hoe at the interval 
of a week. After the second rains, finger millet seedlings were 
transplanted in alternate rows with the cotton plants. The finger 
millet wasready about theend of Octoberand thenormal yield was 
about 1400 kg/ha.” 
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In Baruch, a “fallow and cultivated” system was used where 
3 rows were sown with cotton and 3 rows left fallow to take cotton 
again in the next year, while the 3 rows planted with cotton would 
be left fallow the next year. Sometimes sorghum was rotated with 
cotton instead of leaving the 3 rows fallow.” 

In Maharashtra, cotton was intercropped with rows of sor- 
ghumor pigeon pea. Ina good season, the farmer obtained a larger 
profitthan what was obtained fromcottonaloneand inanunfavou- 
rable season a fair return was still obtained. When the season was 
very bad, thecotton plants were ploughed up anda late crop sown. 

In several regions, indigo plants, which are nitrogen-fixing 
legumes, were intercropped with cotton, thus giving the dye for 
the cloth, too.” 

In the Coimbatore District, uppam cotton, sown in October- 
November, yielded its harvest in March-April, but if there was 
goodrain in April, itwas interploughed and a further small harvest 
obtained in July. It was usually sown with chickpea in lines, or 
mixed with rala and coriander, and the whole sown broadcast 
together. 

Cotton was 4 common crop on caleareous soils in ravines of 
rivers in the north-west Himalayas, improving the soils by the 
decomposition of its leaf fall. When sown on good soils it was 
grownalone, whileon poor ground itwas almost invariably mixed 
with a large proportion of pulses and oilseeds. 

In Punjab, cotton was mixed with sesame, melons, and pulses, 
but throughout the Karnal district it was sown with sann in strips 
along the edges of the cotton fields, or in alternate ribbons with 
cotton, (Although Watt identifies sann with Hibiscus cannabinus, 
it is most likely Crotalaria juncea.) With sann, cotton grew better 
than withoutit. The farmers gave several explanations for this, but 
Watt does not record them. The tall stems possibly helped to 
moderate extremes of sunlight and wind. 

Certain leguminous crops, chiefly species of senji and methi, 
were planted after cotton. In addition to providing nitrogen, they 
served as fodder for bullocks. 

The six-year rotation generally followed in Berar was wheat, 
kesari, cotton, linseed {where practicable), sorghum, and wheat 
again. Pigeon pea was intercropped with cotton in the proportion 
of one-tenth of the former. More to the south, pearl millet and 
sesame were intercropped instead. 
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In Karnataka, after the harvest, the plants were cut close to the 
ground, and with the start of the next rainy season, the field was 
ploughed and hoed. The old plants produced a crop twice as great 
as that of the previous year. In the third year, a crop of rala was 
sown, and in the fourth year cotton was again sown, restarting, the 
cycle, 

Till the 1950s, in Punjab, Uttar Pradesh and Bihar, the most 
commonly practised rotations were: cotton-wheat, cotton-sor- 
ghum, and cotton-wheat-toria. In the black cotton soil tracts of 
peninsular India, sorghum usually preceded cotton. It has been 
stated that growing of sorghum raises the sodium ion concentra- 
tion in the soil and the yield of the following cotton crop thereby 
suffers. The ill effect of sorghum cultivation can be corrected by 
growinga leguminouscrop, for instance, groundnut, sann, guaror 
indigo. 


Cotton Processing 
The cotton fibre was sold to traders who gave back to the farmers 
enough seed for feeding their cattle and for the next crop.8 

Cotton fibres grow out from the seed shell. Ginning — the 
separation of the seed from the fibre — was traditionally carried 
out by foot-roilers and by hand-charkas, mainly operated by 
women who were culturally unable to take jobs outside their 
homes. Onan average the charka gin produced about3 kg of clean 
cotton per day per person. 

An investigation in Dharwar in 1912, of the effects of ginning 
machines on the germination of cotton seeds showed that the Surat 
hand gin gave a lower percentage of broken seeds which did not 
germinate, compared to machine gins." 

Prior to 1848, in Khandesh, cotton was ginned by small hand 
machines. After that time, large ginning factories weresetupby the 
British, Later pressing machines were introduced so that thecotton 
could be profitably transported to Bombay and Surat, with rail- 
ways and roads lowering the cost of transport. These develop- 
ments deprived local ginners, spinners and weavers of their raw 
material and employment.® 

In Assam, a comb formed of the teeth of the Bhorali fish was 
used to partially clean the cotton. The cotton was then beaten by 
means of a bow-string to separate the fibres and make them loose 
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enough to be spun into thread. The bow was usually a piece of 
bamboo, abouta metre long, the string consisting of a twisted strip 
of the outside of the midrib of a banana leaf. The British tried to 
replace this by animported gin, butit was found that the cotton was 
damaged and its value reduced by nearly 25% 

The harvested cotton was processed in theslack post-monsoon 
period. Women as well as men did the spinning, weaving and 
dyeing, The cloth provided a basic need, but even those articles of 
clothing in daily use — like saris, dhoties and lungis, were either 
woven with dyed yarns or dyed in bright colours. Special types of 
dyeing and weaving evolved in particular areas and some are still 
being carried on. Cotton or cloth was exported from the village to 
areas wherecotton was not grown or woven, within the country or 
outside. 


Other Cotton Products 
The cotton plant served many purposes in an integrated agricul- 
tural system. 

The petals of cotton flowers were used as a vegetable in some 
places. Cottonseed meal obtained from specially processed cake 
was used as food. It was a valuable supplement to cereal flours 
which are normally deficient in protein. The flour is non-toxic to 
human beingsif consumed insmallamounts,and properly cooked. 

Cotton seed wasand is still used extensively asa feed forcattle. 
The seed also provided an edible oil, but not much was extracted. 
Itwas more valuable for increasing milk yields of cows, with most 
of the milk going to calves. | he seed now provides between 5 and 
10% of the world’s edible oil supplies, used for cooking and other 
purposes." 

The seeds were fed directly to cattle, or they were de-hulled 
with the hulls used as feed roughage, fuel or manure. The hulls 
were relished by cattle and are comparable to wheat straw in 
nutritive value. The butter obtained from the milk of dairy cattle 
fed oncottonseed (or cake) was firmin consistency and hada good 
keeping quality. The oilcake was suitable only for ruminants, since 
it can be toxic to poultry and pigs. 

Farmersstill prefer the hulled oilcakeascattlefeed even though 
the price of the unhulled cake is much lower and the former has 
only a 22% while the latter has a 40% protein content. Attemptsare 
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being made to teach the farmers to be more “scientific”, but the 
main reason is to have more for export.” It is claimed that ifall the 
available cotton seed washulled and processed, then theoil output 
would be 16.5% compared to 11% from unhulled seeds, and an 
additional 250,000 tonnes of oil would be obtained. But cattle 
would lose out in the deal. 

Theleaves of the cotton plant were used as: fodder forcattleand 
sheep. The hulls were used as fuel, manure and cattle bedding 
material. The stalks were used as fuel, and were madeinto baskets 
for transporting agricultural produce, for mats used on the sides 
of carts, and for fuel. 

Thecotton plantis amajor source of nectar,and a minor source 
of pollen and honeydew.” But not if it is sprayed with pesticides. 

The seeds, leaves, flowers, roots and cotton itself were all used 
for medicinal purposes for several diseases. The tender fruit juice 
isa cure for some types of jaundice. Gossypol, from cotton seed, 
possesses antifertility activity in vivo. 

The oil, added at 1% (10 ml/kg) to stored chickpea, prevents 
the development of the cowpea beetle, providing, protection for 
about 20 days." 

The stubbles furnished grazing for cattle and sheep. However, 
in tracts subject to the attack by bollworm and stem weevil, the 
stubbles are now removed immediately after harvesting the bolls 
and burnt, since they act as carriers of pests to succeeding crops. 
However, heavy grazing controls the pests, or they may becrushed 
or broken up, composted and used as manure, without such 
ae industrial chemicals can be obtained from cotton 
plants. A viscousbrown tar, miscible with’ kerosene, is obtained by 
destructive distillation of hulls. Itis used as a mosquito larvicide. 
Waste from the refining of cotton oil contains tocopherols (Vit E) 
used for medicinal preparations. 

Malic acid can be produced from the leaves and gin wastes, 
furfural and activated carbon from hulls. Stalks, leaves, hulls and 
dust can be used for paper board, food-acids and other chemicals. 
Cotton linters (the residual fibre lefton the seedsafter ginning) are 
used for manufacturing rayon. Microcrystalline cellulose (MCC) 
from the stalks, is used by the pharmaceutical and food industries. 
Cotton waste can be used for roofing paper. Binderless boards can 
be made by moulding stems, bolls and roots.2 
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___ Thefungus, Penicillium funiculosum, canbe used for saccarifica- 
tion of linters and then fermented to alcohol. Blowroom waste is 
used forfilling blankets, willow dust forbiogas. Gin wastesare ich 
inminerals, carboxylicacids and proteins. Fine leaf wasteshave 15- 
30 mg carotene/kg. Hydrolysis with inorganic acids makes it 
suitable for ruminants.* 

Thecitricacid contentof the leaves is 5-8%, malicacid3-4%and 
there are 15 other acids. Plant growth regulators have been ob- 
tained from the leaves. A plasticizer, to catalyze hardening of 
ferroconcrete which improves its quality and lowers consumption 
of cement by 5% has been obtained from the leaves. Stems can be 
used for cattle feed after processing, Water resistant coatings for 
wood have been made from gossypol resin.™ 

Cotton cultivation therefore makes a greater contribution to 
the agricultural incomes, employment opportunities, and export 
earnings than what is indicated by data on cotton fibre and cotton 
manufactures alone. 

_However, the use of stalks, hulls and other cotton plant parts 
forindustrial purposesreduces thequantitiesavailablefor fuel and 
fodder by villagers. Cotton stalks arealso used forconstructing, the 
walls of their huts by the Bhils. If used for industrial Purposes, this 
will be another threat to village self-reliance. Any industrial use, 
therefore, has to be very carefully assessed, ; 


The Destruction of the Traditional Cotton System 

Cotton provided employment to a vast number of farmers (for 
cotton as well as dye plant cultivation), and for village industrial 
workers: cotton cleaners, ginners, spinners, weavers, dye manu- 
facturers and dyers, embroiderers and transporters, tradesmen 
and tailors. Such employment was provided in the season when 
agricultural activities were low, thus enabling a balanced year- 
round occupation. 

Eight hours of weaving on a loom would have ordinarily 
needed about 25 hours of spinning on the wheel. As thenumber of 
weaver households was around 5% of the total households, it 
seems that most households of India would have engaged in some 
spinning throughout the year. 

The British destroyed the Indian textile industry so that they 
could sell their own textiles. The loss of one of India’s most 
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important industries drove hundreds of thousands of those in- 
volved in the industry over the whole of India into absolute 
poverty, William Bentinckstated in 1834: “Themisery hardly finds 
a parallel in the history of commerce. The bones of the cotton 
weavers are bleaching the plains of India’’.* 

There was no other artisanal industry that could absorb the 
largenumbersof dis-employed workers, highly skilled, butintheir 
own particular trade. They flooded into the already occupied 
agricultural labour market, depressing wages and in the process 
impoverishing many more.” Such impoverishment reduced de- 
mand for other artisanal goods, not expropriated by the British, 
with a spiral of progressive impoverishment. 

This devastation had an extensive effect, not only on cotton 
farmers, but on agriculture as a whole. The huge influx of new 
farmers — farmers who had to subsist without their complemen- 
tary artisanal earnings — resulted in the fragmentation of farms, 
making many of them uncconomical. Population increases, though 
contributing to the worsening of the situation, has not been the 
main cause of Indian poverty, as the West likes toclaim. The effects 
of such a process are still visible today. 

Over the years, the Indian textile industry did revive to a 
certainextent,butasthe mill-madescctor rather than thehandloom, 
and to be subservient to foreign markets rather than to fillourown 
needs, Mill-made yarn was cheaper than handspun yarn, butonly 
because so many costs were externalized in pricing the former. 

Cotton is now grown as a fertilized, irrigated, monoculture 
crop. Hybrid varieties make the farmer completely dependent on 
purchased seeds. ‘The new varieties are being ravaged by pests, 
particularly by the bollworm and whitefly which are entirely out 
of control. 

Most of the cotton harvested is now sent to big city mills for 
spinning and weaving on the grounds of economies of scale, 
depriving village artisans of their livelihood. The seeds are pro- 
cessed in large oil mills, with the hulls wasted. The oil is packaged 
and sent back to the villagers to be sold at high prices. The oilcake 
is exported to feed foreign cattle, depriving Indian animals of 
essential nutrients; they are then condemned for their low milk 
yields. 

The plan for the whole of India is that cotton production be 
raised by 50% by the year 2000 tomeetthe projected, mainly export, 
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demand. While yields per hectare are low now and could be 
increased by safe and sustainable methods, any increase in land 
devoted tocotton must result ina reduction in land devoted tofood 
or some other crop. 

The Swadeshi movement of Gandhi reversed the trend intro- 
duced by the British, but today, the West is attempting to destroy 
local industry ina desperate effort to keep their economies grow- 
ing, using methods remarkably parallel to those used by the British 
earlier. 

The industry is being re-destroyed by enforced liberalization 
and GATT rules, resulting in the over-export of raw cotton, 
increasing textile imports, and the introduction of machines ever 
“more efficient” in manufacturing unemployment. Thenumber of 
mills closingand the numberof people continuously disemployed 
keeps on rising. 

The increasing number of unemployed are supposed to find 
employment in agriculture again, but in the food processing and 
exporting sector. And, nothing will be allowed tointerfere with the 
market forces that result in the reduction in food availability and 
mass starvation. The bones of the handloom weavers are once 
again bleaching on the plains of India. 


Return to Sustainability 

In spite of the praises sung for synthetic cloth, cotton still 
provides 50% of the world textiles today. India has the largest area 
under cotton in the world, about 8 inillion hectares in 1990.” In 
terms of acreage, cotton is the most important commercial crop in 
India. 

3 However, it will be necessary to switch back to traditional 
rainfed cotton. While this may reduce per hectare output and, 
perhaps, give only short staple cotton, the latter can be used 
withoutany problemsby the handloom industry and theircultiva- 
tion is sustainable. Traditional varieties are easy to grow, with- 
standing fluctuations in rainfall and giving a greater retum per 
human hour than many other crops. 

The population dependenton cotton is about 50 million or 11% 
of the agricultural population. In Maharashtra alone, there are 4 


Pon cotton growers, mainly in the drier regions of Maharash- 
ra, 
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With 38 million people officially unemployed, and an esti- 
mated 50 million more unregistered, millions underemployed, 
and millions more becoming victims of an exit policy, handicrafts, 
cotton textiles in particular, appear to be the main area in which 
those who are dropped out of the Western system can be absorbed. 
Handicrafts can allow people to be self-reliant and creative; they 
give them the freedom to work when they choose, adjusting to 
other agricultural and domestic activities. 

Even before the new Western oppression became obvious, 
there wasa widespread movement torevitalize and reintroduce — 
where it had been lost — traditional textile technology. Ordinary 
as well as specialized weaving methods, together with the pro- 
cesses for natural dyeing that accompanied them, are being en- 
couraged. This also requires that the dozens of plants that pro- 
vided the dyes be identified and, where necessary, cultivated. 
Accompanying this is a movement to wear handmade clothes in 
preference to machine made ones, even if the latter are made in 
India. 

However, there are several difficulties in reviving the whole 
traditional system from seed to clothing, which reveal the com- 
plexity of traditional industry as well as the insidious interconnec- 
tionsof dependency created by the Westernized industrial system. 

Cotton farmers in Andhra Pradesh get all their seed require- 
ments from Bombay, and the surviving handloom weavers there 
obtain their yarn from Bombay's spinning mills, through a set of 
traders. In 1992, these traders lost all their capital with the closure 
of the bank they used, by the Reserve Bank of India, on account of 
the bank’s role in the financial scam. Both the farmers and the 

weavers suffered. Such a situation would not have arisen if 
traditional seed varieties were still in use with farmers retaining, 
their own seed, and if handspinners processed the cotton locally. 

After much searching, one traditional ginning machine was 
found, ina completely dilapidated state. This was repaired, butit 
was found that the hybrid cotton seeds — the only ones available 
—were being crushed by the machine, staining the fibres. Asearch 
for traditional varieties of cotton, none of which had this problem, 
was then begun. 

But seeds of traditional varieties are not easily available now, 
mainly because of official discouragement of their use. Though a 
few sources have been now located, farmers will have torepeatall 
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theresearch and development of thousands of years to getback the 
wide range of ecologically suitable varieties that had been devel- 
oped earlier. 

Weavers had been formed into cooperatives by the Khadi 
Village Industries Corporation (KVIC). These werehoused inlarge 
factories in towns, given yarn by the KVIC as and when they 
requiredit, ordered to produce certain designs only, with the cloth 
purchased by the KVIC. Weavers who moved back to their village, 
mainly because they felt the loss of creativity, found that they had 
lost the simple skills of buying yarn for themselves and retailing 
cloth in the village. 

The women who had mainly done the spinning of raw cotton 
have forgotten how to spin. Also they spend so much time collect- 
ing firewood and water that they have little left for spinning. 
Returning spinning to the point of use will reduce the costs and 
unsustainability involved in packing, transport, insurance and the 
profits of middlemen, andin fossil fuel consumption and pollution 
production. 

Research is being carried out on the dyeing processes which 
have been lost and the plants from which thesed yes were obtained 
are being cultivated. Natural dyes cannot stand the strong syn- 
thetic detergents that are now being sold. It means reviving the 
traditional detergents obtained from plants or using mild chemi- 
cals such as sodium bicarbonate. 

The British destroyed the fine Dacca muslin industry and the 
naturally coloured varieties of cotton are probably lost. Today, 
Japan is producing extremely fine cotton yarn and is selling 
naturally coloured cotton fabricsand garmentsat premium prices, 
The coloured cotton plantsare grown without the use of chemical 
pesticides and herbicide 

A woman farmer in the US has also developed new coloured 
varieties simply by growing large numbers of ordinary seeds of 
traditional varieties and searching for mutants, then selecting for 
deeper shades.# 

In the time of the British, Indians did not have the power to 
resist, now it is the will that is lacking to prevent the second de- 
industrialization. Those who wear synthetic or mill-made cotton 
cloth must remember thatits priceis really paid by the unemployed 
or low-paid handloom weavers. 


Chapter 8 


Resources & Techniques: 
Knowledge & Skills 


As can bescen from the previous chapters, traditional agriculture 
was a complex system of interacting practices. While ee 
reductionist agriculture allows it to be examined in terms . ue 
divisions of fertilization, pest control, etc. traditional yen ES 
practices cannot be so categorized since a single practice = + 
diverse purposes. There are, however, many characteristics whic! 
are common and essential to all sustainable agricultural seat 
Further, the categories that the Western system uses ey ae 
no meaning in the traditional system at all, Take the case of wi a 
Western agriculture lumps under “green manures’ . There a 
traditional equivalent term for thisin many Indian ies e 
traditional procedures which are now called ‘green enue a 
served for incorporating, organic matter in the soil to Las 8 a 
micro-organisms. These provided nutrients and also r ie 
erosion, recycled “wastes” and controlled pests and weeds. = - 
tions and intercropping did not merely increase the varie 2 
grains or other produce, but provided soil nutrients, cone ; 
pests and weeds, and accomplished other functions essential to 
ity. 
Pere Hi hand, describing the practices at random would 
be quite confusing. Hence, while the categories of the eee 
system are retained here, it should be remembered that the ie ES 
ing linesare very blurred indeed and that considerable repetition 


will be necessary. 


raditional agriculture is normally thought to be that collec- 
ee which were developed centuries earlier, and ies 
till “modern”, Western agriculture began displacing it with i : 
“scientific” basis. But traditional agriculture is not a meer 
package of practices which can be implemented anywhere an 
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anytime. What is sustainable at one time and place may not be 
sustainable in another. There is no universal traditional agricul- 
tural system as there is a Western one. Each region developed its 
own practices, based on the sustainable use of the resources 
available and the specific environmental conditions. Traditional 
agriculture is also a product of a way of thinking, a way of living, 
a culture. 

Factors that affect the sustainability of agriculture are either 
external to agriculture itself, or internal — produced by agri- 
cultural practices themselves. Both sets need to be examined. 
Whole systems can only be sustainable when all the particular 
practices which comprise them are sustainable, And this is soonly 
when each practice does not have inherent defects which reduce 
essential outputs, now or in the future. 


Traditional farming went beyond farm boundaries, being 
integrated with the rest of the village farms, pastures and forests. 
It depended wholly on the careful and efficient use of available 
renewable resources, and on the maintenance, improvement and 
even innovation of nutrient cycles. There were no “wastes”, with 
nearly all that was grown being used for on farm or off farm 
purposes, and finally recycled as manure. Its aim was the satis- 
faction of the basic needs of the surrounding community, not the 
luxury wants of distant regions. The integration of livestock, and 
often of trees, was essential for sustainability. The systems were 
self-reliant, aimed to provideas much of the basic necessities as the 
region allowed, with external (to the village) inputs reduced as 
much as possible. And, farmers rescarched and solved their own 
problems, with the cultural backing of the community, 

All the inputs were obtained from the farm and the neighbour- 
ingcommonsand, earlicrat least, all of them were free. The natural 
resources on which agriculture depended were and are solar 
energy, air, land and water, which in turn maintain the genetic 
resources. However, the knowledge and skills that developed the 
technology to use these assets properly was the most valuable 
resource, though rarely considered as such, 

There are fundamental limits to what can be obtained from a 
given environment ina sustainable manner. All mineral resources 
are non-renewable since there are only fixed quantities of these in 
the earth which will eventually run out. Some mineral Tesources, 
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however, may naturally occur inenormous quantities in compari- 
son with the rate of consumption. The exhaustion of one resource 
and its technological replacement by another does not fulfill the 
criteria of sustainability. 

Renewable resources themselves can either be used exces- 
sively or made unusable by pollution and other factors. The 
available renewable resources are used more efficiently when all 
the “wastes” are recycled. Any intervention thatreducesrecycling, 
increases unsustainability. If renewable resources are used care- 
fully — not “exploited”, which implies irresponsible use — they 
can be made indefinitely renewable, barring natural catastrophes. 

Technology is used for converting the available resources into 
the products required. Technology can make the use of these 
resources more efficient, but technology cannot transcend the 
limits of the resources themselves or the limits imposed by en- 
tropy. There are, therefore, limits to what technology can do. 


The Knowledge and Skill Resources 

Traditional practices did not simply exist, neither were they 
divinely revealed. They were researched and developed by the 
practitioners themselves, a factor which playsan important partin 
making the systems sustainable. Using their own skillsof observa- 
tion and innovation, agriculturists and artisans had built up 
immense, complex and sustainable societies. Such research and 
development, by farmers, for farmers and their communities, 
continues till today. 

“Traditional”, therefore, does not mean “obsolete”, neither 
does itimply absolute good. The practice of traditional agriculture 
does not mean rigidity in techniques. The manner in which prob- 
lems were solved were as important as the solutions themselves, 
since this maintained a dynamic equilibrium, continuously adjust- 
ed and adapted as changing circumstances required. With this 
criterion it becomes obvious that “traditional” includes recent and 
future innovations, provided they are carried out by farmers 
themselves. The practices described will therefore include those 
introduced recently where the traditional methodsare being used. 

With and after Liebig, agricultural research in the West began 
tobe taken over by “scientists” and “experts”. This was the start of 
the enclosure of the knowledge commons, the monopolizing of 


138 Tending The Earth 


knowledge by “experts”, which necessitated the derecognition of 
the value of farmer self-experimenters in the field. 

True, the application of Western science has produced 
spectacular increases in agricultural productivity, but only 
temporarily, because factors affecting sustainability were 
earlier unrecognized and are now ignored. Part of the reason 
for this failure, was the transfer of research and development 
from the farmers’ physical and mental domains to that of en- 
closed Jaboratories and test fields. The latter cannot take into 
account the innumerable interactions, which are always present in 
the former. A laboratory can never be the equivalent to a farmer's 
field. 

The main characteristics of traditional agriculture will be 
mentioned here.' 


The Purpose 
Most important to sustainability, are the numerous criteria which 
traditional farmers use for choosing to cultivate a particular crop 
ora set of crops. 

‘Traditional farmers cultivate and make improvements in their 
farming in order that they themselves and their community can 
survive, This requires efforts to increase local self-reliance in food 
and other basic necessities. The technology developed is of imme- 
diate relevance to the people. Self-reliance frees people from 
dependence on and domination by others. 

Traditional systems have intrinsic social and environ- 
mental feedback. When people live in a region from which they 
cannot normally migrate, they are extremely careful to avoid 
damaging their environment to the point of unsustainability. 
Realizing that they are dependent on their environment for the 
continued well-being of themselves and their children, traditional 
farmers take a long-term view, conserving their resources and 
keeping their environment clean, When interventions are made in 
such an environment, any deterioration is usually quickly ob- 
served and further intervention of that type avoided. The develop- 
ment of traditional technologies is limited to those which do not 
pollute theenvironment, exhaust resources or produce unemploy- 
ment. [t could be that the “failure” to develop labour-displacing 
textile machinery in India was due to precisely such social control. 
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Traditional methods of technology generation fit the resources to 
the requirements of particular locations. 


The “Scientists” 

‘Traditional technology is researched and developed by farmers 
themselves. They conduct research in their daily life, while carry- 
ing on their normal occupations, in their fields and homes, using 
locally available resources, at little cost. Farmers are scientific in 
their observation of crops and their environs, record their observa- 
tionsin theirmemories, select particular procedures to experiment 
on, and compare the results of various such experiments. 

Farmers naturally know more about their farm conditions than 
do agricultural scientists enclosed in distant laboratories. A 
farmer's experiment is carried out in the field in which the crop is 
cultivated, where all the naturally occurring ecological and social 
interactions, known and unknown, havea free play. Itis holisticin 
practiceand therebyavoids the pitfalls of incomplete and incorrect 
theories. 

A centralized research establishment cannot solve the multi- 
tude of agricultural problems requiring resolution in minutely 
differing ecological niches. Centralized research, by its very na- 
ture, cannot work in microniches; farmers work at the few square 
metre level. Even if institutional scientists carry out their experi- 
ments in the field, the conditions may be vastly different from the 
conditions in which particular farmers would use the technology, 
and theinstitutional scientists wonld need to conduct themin each 
differing field of every farmer. 

Western science has diminished traditional creativity by re- 
moving research and development from the public domain, 
privatizing and commercializing it. The impression has been 
created thatnooneexceptself-labeled “highly qualified scientists” 
doresearch. Shifting science from the villagesto the laboratories— 
the enclosure of thescientificcommons—appearstohavebeen the 
initial meansofcontrolling knowledge. When “experts” claim tobe 
the sole repositories of knowledge, they vigorously devalue the 
science of those in the field, dismissing it as chance findings and 
superstition. The rest of humanity isdeemed tobe “ignorant”, and 
Most people outside the scientific coterie have internalized this 
notion. 
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Parallel with this process, goes the transfer of power from 
people in general to the self-elected “elite”. The Adivasis, particu- 
larly, are called ignorant even by those who appropriate their 
knowledge under the guise of cthno-sciences. Such appropriation, 
in fact, confirms the validity of traditional sciences —if such proof 
is required. 

The need for farmers’ holistic methods of experimentation is 
confirmed by attempts in the US to encourage institutional re- 
search in what they call “alternate agriculture”. Realizing the 
limitations of reductionist Western agricultural research, an inter- 
disciplinary approach was first attempted. When this did not 
work, it was recognized that a systems approach would be re- 
guired. The problem was thatnoscientists could be found whohad 
the required broad, holistic knowledge. The only research on 
alternative agriculture now being carried out in the US is by 
farmers themselves? Compared to Indian traditional methods, 
even the systems approachisinferior, since the systems examined 
in the US were confined to the boundaries of the farms. Traditional 
agriculture is totally integrated with the whole of its environs, 
physically and socially. Traditional farmers’ research has been a 
“systemsapproach” in a much wider sense, though it does not use 
such jargon. 

The encouragement of this type of research, with millions of 
local experimenters, is made essential and urgent by the possi- 
bilities of climatic change and the destruction of the ozone layer. It 
isimpossible to predict the innumerablechanges that may occurin 
thousands of microniches. A centralized research system would 
have to collect data from each locality, work out alternatives and 
feed back the results to the corresponding region, even while the 
environmental conditions may have changed during institutional 
scientists’ struggles with bureaucracy. On the other hand, local 
research could provide fast and continuously adaptable solutions. 
The problem of transferring technology from laboratories to field 
users can be avoided simply by transferring the research back to 
the field. 

Another danger is lurking on the horizon. The demand by the 
West for patent rights on new crop varieties is an attempt to 
stop all on-farm research, since the use of the patented genes in 
a farmer-developed variety would constitute a patent infringe- 
ment. 
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AsGandhisaid:every man mustbe hisownscientist and every 
village a science academy. Anyone has the right — and everyone 
should exercise the right— to bea “scientist” or “technologist”, to 
innovate or to modify old practices. There appears to be no need 
for a separate class of people who do only or mainly such work. 


Theories 

With the exception of the indigenous health systems which havea 
firm theoretical basis, traditional technology appears to be mostly 
empirical, However, it may appear so, simply because it is not 
known how traditional experimenters operate: whether, for in- 
stance, they innovate purely at random or whether they have 
reasons for testing a particular plant for pest control. Researchers 
do not bother to ask such questions, while reports of traditional 
innovations mention only those trials which have succeeded. 
Studying the failures could reveal more about how the experi- 
menter thinks. 

The concern is not with the Western scientific explanation of 
why the technology works but rather the local “scientific” 
reasons, if there are any, why the experimenter chose a particular 
set of materials or processes in an attempt to solve a particular 
problem. 

There may be no theoretical basis for thechoices made by some 
of the experimenters atleast. Plants, for instance, maybe tested for 
pesticidal action just because they are available at the time a pest 
attacks the farmer's crop. It may be only those who have been 
trained in the Western scientific method who feel a need to have 
theories and who get intellectual satisfaction from them. Such 
theories, though, could help in hastening research, a need which 
may arise because of rapidly changing global or local environmen- 
tal conditions. But the moment Westernized scientists get into the 
game, itbecomes a moveaway froma liberative to an institutional 
system. 

India’s vast accumulation of traditional technology would 
Probably not have developed had people waited for detailed 
theories to explain all that they discovered. If innovators had 
restricted their experiments to those based on Western logic, it is 
possible that many experiments would not have been carried out 
at all and that much knowledge left undiscovered. 
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Theories could also possibly limit traditional researchand use. 
Take, for instance, the traditional use of ak leaves as a “green 
manure”. The leaves havea very low content of nitrogen, potassi- 
umand phosphorus and, if it had been explained to farmers that 
“green manures” are good because of these chemicals, they would 
nothaveused the plantatall. However, it was used widely and was 
effectiveinimproving crop productivity, butbecauseofits pesticidal 
and nematicidal effects. 

Yet institutional scientists insist that all traditional technol- 
ogies need to be confirmed and the scientific reasons for their 
success established. This could handicap the farmers whocan well 
see for themselves whether a particular technology works or not, 
without knowing the scientific cause and effect details. Such 
attempts could also be interpreted as the need for institutional 
scientists to retain their power as “experts” in a hierarchical 
society. 

The fact that Western science cannot find an explanation for 
many of the traditional practices farmers use, does notin any way 
imply that the practices are not “scientific”. It is just that Western 
science cannot take into account all the factors that occur on a 
farmer's field, at a particular time. 

‘This is not to denigrate all the knowledge produced by West- 
em science. Itis just that such knowledge, while perhaps explain- 
ing why a particular farming practice works, may or may not be 
usable for further improving the practice. 

Even if traditional technologies could be improved if there is 
an understanding of the traditional science behind the experi- 
ments, the basic question still remains: does such research help 
traditional researchers? While the individual institutional scientist 

may, perhaps, value the farmers’ knowledge as much as his/her 
own, yet the farmers may tend to see Western science as superior 
to their own, since it projects itself as infallible. This could destroy 
the farmers’ confidence in their ability to solve problems them- 
selves. < 

Whether or notscientific theorizing occurs, in some cases orin 
all, much traditional technology, consciously or not, forms part of 
a larger knowledge system which is broad in outlook and which 
serves as a theoretical base for keeping the technology within the 
bounds of sustainability. 
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Dissemination of Knowledge 

Knowledge is handed down from generation to generation of 
farmers, with each. generation adding more information, asclimate 
and soil and other factors change. Only those who had lived ina 
Particular ecoregion for a long time could use these practices 
efficiently. 

New knowledge is disseminated free, spreading spontane- 
ously by traditional oral means of communication. The innovators 
are happy to see the use of their discoveries or inventions spread 
without expectations of any financial recompense. Others are 
welcome to use the technology and improve upon it. Traditional 
innovators do not require formal recognition for their work, being 
uninterested in achieving positions of power or authority. Neither 
do they wish to privatize their technology by patents. 

The need for recognition by socicty at large doesnot arise since 
what the innovative farmers do is nothing extraordinary — it is 
what many of them normally do, what their culture expects and 
encourages them todo. Aboveall, theirculture gives them support 
even when experiments fail. The researchers feel no urge to write 
a paper, submit it for publication, wait for itto be published and for 
peopleto read, citeand applaud it. Their research may notbe cited 
in any “learned” journal but their knowledge directly benofits 
many. And those whodo the research, exercise theircreativity and 
thus enhance their self-worth and that of their community. The 
satisfaction that innovators get from producing something new 
that works to improve their lives, as well as their community's 
appreciation that goos with it, appears to be ciuuyh of a reward. 
The community’s informal recognition could be innate in the 
culture which promotes traditional technology. Traditional inno- 
vators were and are satisfied with their own peer group apprecia- 
tion of their creativity, the peer group of a farmer innovator being 
other farmers, his/her neighbours, friends, and relatives, who 
would in all probability use the technology. Itis pressure fromsuch 
people which possibly limits developments to socially and envi- 
Tonmentally appropriate ones, for instance, those that do not 
produce unemployment. 

If the traditional system is commercialized by instituting 
methodsofrewarding innovators, itmay bedestroyed completely, 
since innovators would tend to conceal their work until they were 
assured of financial recompense. 
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The Extent of Research 

The extent of traditional research carried out has been enormous, 
as is indicated by the large number of crop types and the innu- 
merable varieties of each crop, the methods of cultivation, the 
rotations, intercropping, manures and pest control measures. One 
wonders how many decades it took to develop rotation cycles of 
several years. 

Forest and other commons have provided the thousands of 
plants on which to experiment, for use as food, fodder, medicine, 
timber and other housing material, oil for cooking and lighting, 
cosmetics, dyes, tans, fibres, fuel, material for mats, baskets, 
ornaments, and hundreds of other purposes. 

Attempts to systematically collect thisinformation were made 
by the Britishin the lastcentury. One —rather incomplete —result 
was George Watt's “A Dictionary of the Economic Products of 
India”, published abouta hundred yearsago, whichranto ten thick 
volumes. 

Theimportance of such research can be determined by asking 
whether the research done so far could have been carried out in 
formal institutions, and if so, at what cost and for whose benefit. 
The chemicals of less than 1% of all plant species have been studied 
by Western science till today, while nearly all plants in India have 
multiple uses. 

It is usually believed that most of the traditional knowledge 
has died out under the onslaught of Western technologies and 
science. However, such knowledge exists and its use is wide- 
spread, in rural as well as in urban arcas. It is also believed thal 
further research is not being carried out— which encourages the 
notion that traditional technology is static. The fact that innumer- 
able uses have been found by “ordinary” people for almost all the 
exotic plants which have recently been introduced into the country 
shows that research is still being continuously and widely carried 
out. 


The Choice 

The direction in which the Western world is developing is not 
one which all must inevitably emulate. We have a choice 
between accepting the limited rationality of the Western system 
which makes it self-destructive and unjust, or fostering holistic 


Resources & Techniques: Knowledge & Skills 145 


knowledge systems and practices which aresustainable and more 
equitable. 

Holistic thinking may be considered speculation or dogma 
because proof can only come from the continuing survivability of 
a system based on these principles. On the other hand, proof of 
Western science’s invalidity is increasing daily as its inherent 
unsustainability is exposed. Final, definitive proof of its irration- 
ality can only come when it destroys all of us 

The urgent need, therefore, is to support and develop knowl- 
edge systems which do not have the limitations of Western science. 
Such sciences can be the common heritage of all people, who 
become, not merely passive recipients of the products of “experts”, 
but creators of knowledge themselves. 

Such knowledge or the culture that maintains the accumula- 
tion and transmission of such knowledge, can be lost, because the 
formal education system discredits it, because the formal agricul- 
turistsimpose “modern” methods, because the essential inputsare 
nolonger available due to the destruction of the commons, and for 
several other reasons. With the disappearance of particular plant 
species, goes the knowledge of whatand how to use them, And that 
knowledge cannotbe easily recovered. Recording such knowledge 
could help preserve it, but some knowledge, partly intuitive, may 
not be recordable. It is essential, therefore, that the normal modes 
of transmission be maintained, together with the cultural systems 
which support them, 

Traditional farmers know what works in their farms when 
specific Conditions such as rainfall patterns follow their normal 
variations or when particular pests occur, or what can and cannot 
grow on their soils. Farmers can judge the state of the soil and its 
fertility from the appearance of the plant. They realize what needs 
to be done in lean years and fat, to ensure that future production 
is not affected. Such knowledge can only be passed on from the 
tiller to the heir of that very plot of land. Even local agricultural 
schoolscannot teach such knowledge becauseof its vastextentand 
its wide range of variations. 


The traditional values which sustainable cultures promoted 
need to be compared with the values of the Westernized system. 
The latter are different and even contradictory, and traditional 
systems can disappear unless their values are promoted, while the 


M6 Tending The Earth 


Westernized values are deprecated. The Westernized system has 
to be responsible for the destruction of many of the traditional 
systems over the last few centuries. 

Aslongas we operate with the Western notion that individual 
greed is more important than community need, then we have to 
fight for farmers’ rights. For instance, for the special varieties they 
havedeveloped, forroyaltieson foreign patents based on themand 
for Intellectual Property Rights (IPRs) in general. But if the tradi- 
tional system of knowledge generation and dissemination ismain- 
tained and encouraged, then the whole patent and IPR system 
becomes irrelevant. 

When, not if, farmers again take over agricultural research, 
India will have one of the greatest scientific forces in action with, 
almost surely, incredibly successful and sustainable results. This 
shouldnot beso ifall people study traditional knowledgeand carry 
out experiments themselves. 


The Question of Productivity 

One of the most important corsequences of the traditional knowl- 
edge system was that agricultural productivity should not be 
judged by the single criterion of yield of just one product of a crop. 

The debate on the ultimate value of Westernized agriculture 
versus traditional farming usually ends with a comparison of the 
productivity of farms under the two systems. It is commonly 
assumed that traditional agriculture is the root cause of our 
apparent low productivity. The problem with comparing, the GR 
with traditional agriculture, is that the criteria used to judge the 
“success” of the GR cannot be used to evaluate sustainable agri- 
culture. The use of a single component like varietal productivity is 
biased against sustainable varicties which are valued for their 
multiple utility in an integrated society, It is wholly unnecessary, 
and in factmisleading, to try to prove that traditional methods can 
produce an equal weight if not more, of grain than Western 
practices do. 

One important difference is the value placed on the non-grain 
parts of the crop which are essential to the other components of 
the integrated, self-reliant farm. While the yield per hectare may 
be low compared to what Western agriculture produces today, 
practically every crop served a number of purposes, and their 
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yields have proved to be sustainable on the same land for hun- 
dreds, if not thousands, of years, without any external inputs. 

‘The straw of cereals and the leaves of several other crops are 
essential for feeding the cattle that provide renewable draught 
powerand quickly recycled manure, whichis why thedwarf HYVs 
are not suitable for sustainable agriculture. The nutritive value of 
the straw also differs from variety to variety, those with more 
nutritive straw, perhaps, giving lowerprain yields. Inthe GRareas, 
with tractors having displaced animal power, the straw is burnt. 
This should put a negative value on productivity because of the 
pollution produced and lossin organic matter and manurial value. 

In traditional systems, stems and straw are also used as fuel, 
mulch and thatching, material. Crop remnants are incorporated 
into the soil to increase organic content and to provide nutrients. 
Stubble left in the field reduces soil crosion and attracts grazing 
animals which leave their manure and urine behind. Evaluating 
such items purely on economic termsis evidently impossible even 
ifit were useful. 

Till some years ago, paddy husk was returned with the rice to 
the farmer by the mill owner becauseits disposal wasa problem for 
the latter. The farmer used the husk as a fuel or a soil conditioner. 
Now, the husk is retained by the millowner and soldas fuel, for use 
aslitter in poultry sheds, and for commercial manufacture of silica. 
The branand polish are also retained by themill owner, depriving, 
the farmer of nutrients and cattle feed. As each such link in the 
interconnections of traditional systemsis broken, the sustainability 
Of the system is reduced, but this is not accounted for in the 
“productivity” measurements. 

As mentioned in the chapter on Rice, varieties are chosen for 
many reasons, other than grain yields. Traditional farmers take 
pride in growing rare varieties of paddy and other crops, partic- 
ularly fruits, even at the cost of lower incomes. Such practices not 
only requirespecial skillsbutalso the wisdom topreserve the seeds 
or to wait for years before the fruit tree yields its special harvest. 
It is because of such interests that we have today the dozens of 
varieties of mangoes, each with its own special delicious flavour. 
Such factors cannot be given a cash value but they contribute 
greatly to increasing diversity and to preserving thecreativity and 
inventiveness which gives farmersself-respectas well asthe ability 
to solve their own problems. 
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There are difficulties even with the basicmeasurements made. 
Yield measurements are made on the basis of the weight of the 
unhusked grain, but it is not the total weight of the grain that is 
important, only that of the edible portion. Yields of husked grain 
are often taken as 25% less than the unhusked grain, though this 
factor varies with varieties, In small-grained paddy, the glumes 
havea relatively higher weight-to-grain ratio than in large-grained 
varicties. The proportion of husk weight changes with the shape of 
the grain which can vary widely. Adivasis say that they do not 
plant HYVsbecause the husk weightis more than thatof traditional 
varicties, The measurement of grain yields after husking, remov- 
ing the bran, and polishing, is rarely stated. It has been reported 
that one variety with a high ‘productivity’ had a thicker than 
normal bran layer, with the result that after polishing, the weights 
were very low? 

Yield differences of 10% are often quoted as significant, but 
errors can occur in measuring land area (with or without bunds, 
fences, paths, and so on), in threshing losses, and in weighing, 
which may easily exceed 10%. The quantity of seed sown and the 
density of sowing also determines the yields. 


There are also problems with national or regional production 
figures. While there is continuous discussion about increased 
production in this or that crop, such figures are misleading unless 
it is stated what effects that increase has had on other crops and 
whatit will have on future crops. For instance, the growth in wheat 
in Punjab has to be connected with a decrease in production of 
pulses. Pulses and wheat cannot be compared in tonnes, so such 
growth figures are ultimately meaningless unless measured in 
terms of the basic needs that they fill. The same, of course, applies 
to non-GR crops. The growth in sugarcane production has been 
accompanied by a fall in coarse grains in Maharashtra and other 
states, While sugar is being exported, coarse grains which are 
consumed by the poorest, become scarce. 

One has further to add or subtract the long-term positive 
or negative growth rates of the same crop or its effects on other 
crops. In Punjab, the heavy water requirements of the rice-wheat 
rotation pattern which has been dominant for many years, has 
resulted in a drastic lowering of the water tablein many areas with 
water logging in others. In quoting figures of rice production or 
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productivity, averages should include the years where there is 
negative growth, as well as those years of zero production after 
salinity forces the farmers to abandon the land entirely. 

It is because the Western agricultural system reports mainly 
short-term yields as standard that it seemed so successful initially 
with its problems only appearing later. If a variety has to be 
abandoned after some ycars because of pest susceptibility, it 
cannot be guaranteed that another variety will always be there to 
replace it. Its temporary high yields need to be averaged over the 
same period of timeas that of the “life” of the traditional variety it 
iscompared with. Averaged over decades or even withina decade, 
the productivity of the latter may be much more than what can be 
achieved with HYVs. Averaged over centuries, the output will be 
orders of magnitude larger. 

For traditional farmers, any increased yields have tobe sustain- 
able over generations and over all possible variations in climatic 
conditions, for the farmers’ particular soil, labour avai lability and 
other factors. Itis often not the productivity of the land that is the 
constraint but the availability of family labour. An advantage of 
different varieties, sown and harvested at different times, allows 
for the more efficient use of labour. Farmers also adjust the size of 
areas sown with particular varieties to make the mostefficient use 
of thelabouravailable. Small farmers then strive to maximize their 
labour efficiency, not to reach the target of productivity set by 
institutional scientists and bureaucrats. Big farmers can avoid this 
constraint only in an unjust situation where there are many 
landless labourers to exploit or they turn ta machinery to replace 
labour. But the situation could change as soon as fossil fuels 
become more expensive. 

‘The animal power available may also determine whatis grown 
and when. Animal power is limited by the human labour needed 
to control and feed the animals, and by the fodder availability. 
When the limiting factor is family labour and there is no hired 
labour available or itis too costly tohire labour, then productivity 
cannot be increased by larger farms, except by going in for 
agroforestry. 


There are other problems when attempts aremade to compare 
traditional and Western agricultural practices. 
Ayastnumber of agricultural field experiments have been and 
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are being conducted on traditional farming methods, crop variet- 
ies, intercropping, ete. They are being carried out by professional 
agricultural scientists.as well as by amateur organic farmers. There 
are reams of data on the yields per hectare of this or that rotation 
or varicty, comparing them with synthetic farming yields or other 
organic yields. Much of this data can be questioned, since several 
factors are not taken into account in most of the experiments. 

Crops which are grown under ideal conditions in research 
stations should not be compared with farmers’ yields under actual 
cultivation. Mostof the fieldsin research stations have been in use 
for decades and they are no longer representative of the fields 
outside. Such comparisons are quile simply unscientific. 

Western scientists’ accepted method of experimentation is to 
study a particular phenomenon by isolating it from many other 
interactions. This has no value for agriculture, since there are 
always other factors acting on the plants when the process is 
finally transferred to the field — the only place where it can be of 
use. 

Even ifscientistsconduct the experimentsin the field, thereare 
factors over which the experimenter has no control, those that the 
farmer will be unable to control, and those thatare intentionally or 
unknowingly ignored. Data collected are of doubtful value unless 
all the possible interconnections are spelled out or at least men- 
tioned, Tt is for reasons such as these that experimental values are 
rarely reproducible when recommended methods are put into 
practice by farmers. 


‘The following discussion will be mainly related to paddy 
because of its importance to the food supply of the Two-Thirds 
World, RS Richharia has mentioned that itisessential togiveanew 
meaning to the terms “High Yielding Varieties’, which takes the 
yield to be the only parameter and even that being the yield under 
certain specially created conditions and other strictly specified 
inputs and management. 

Comparative experiments are frequently performed on two 
neighbouring plots and thedifferencein yields taken as significant. 
Unless the history of the plots is known and that history is exactly 
the same for the {wo plots, there is no scientific basis for accepting 
the results.as reproducible or significant. Extremely few published 
experiments state such histories. 
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Tf, for instance, traditional methods are tested on a field that 
has been damaged by synthetic fertilizers and pesticides, then the 
yields obtained would be lower than what they would be if the 
field was not so used or if the measurements were made after 
some years of traditional farming, The yields of synthetic farming 
also need to be measured after several years of use ona particular 
field so that the damage the methods cause can be taken into 
account. 

One-shot experiments where a trial is conducted for one 
seasononly are particularly absurdin the case ofa switchover from 
synthetic to traditional farming or the reverse. The soil may or may 
not havea carry-over or depletion of organic matterand nutrients, 
may or may not have a normal population of micro-organisms, 
may or may not have harmful pesticide residues affecting the 
micro-organisms as well as plant health, may or may not have 
herbicides carried over with similar unaccounted effects. In some 
fields the soil may be so exhausted of nutrients by previous bad 
farming practices, that any form of input could produce improved 
yields. 

In high rainfall rice-growing regions, varieties are chosen 
depending onthe situation of the field with respect toitsneighbours, 
since the flow of water from and into neighbouring fields is 
important. The practices of upper farmers affects those lower 
down and isolation is next to impossible. 


In some regions, farmers have been aware that the soil quality 
varies from field to field, as the example given in the chapter on 
Rice shows. Adivasis, for example, will not buy, or even accept 
free, land which has too much lime since it will give low yields of 
paddy. The moisture retention capacity of the soil may determine 
whether a break in the monsoon affects crops or not. Isolated 
paddy fields lose water by evaporation faster than fields which are 
part of a large contiguous area under paddy. The latter produces 
ahigher humidity. Windbreaks also affect the rate of evaporation. 

In the case of other crops, too, even a slight difference in field 
heightcanmakea differencein the ability of roots toreach the water 
table, or may affect the salinity or water logging of the field. The 
extent of flooding also affects pests. Some pests thrive only when 
there is deep water in the fields, while others thrive when there is 
little. 
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‘The existence or absence of herbs, grasses, shrubs and trees 
surrounding the fields and on field bunds can makea difference to 
the yields. Although Western agriculture sees these only as rob- 
bing nutrients or providing carry-over shelter for pests, the plants 
also provide shelter and carry over sustenance for predators and 
nitrogen-fixing plants. To makeit more complicated, even the mix 
of plant species in the surroundings is important. The existence of 
a single tree in or near a field can have a significant effect on the 
yields asit fertilizes or takes upnutrients, shades cropsor doesnot, 
takes up moisture from the field or not, attracts birds or repels 
them, and so on. 

Further the yield obtained in the experiment may nothaveany 
relation with yields in another year when weather conditions are 
different. Particular varieties may be sensitive or insensitive to 
normal variations in the monscon: it may start too early or too late, 
there may be too many breaks during the season or too few, the 
breaks may be too long or too short, it may stop early or late, there 
may ormay notberains during critical st@ges when the plantneeds 
or does notneed water. If there is too much cloudy weather during 
the flowering or fruiting stages of paddy, yields are directly 
affected. Certain paddy pests are said toappear only under certain 
rain conditions, too much or too little. It may be too hot or too cold, 
during the day or at night. 

Itis obvious that when all these factors are taken into account 
that a single variety cannot produce optimum yields over a 
diversity of field conditions. To be truly scientific and significant, 
yields have to be measured with all these variables going through 
their full range of values in all possible permutations and combi- 
nations. Such experiments cannot be carried out in a year or even 
a decade — if at all. 

HYVs may yield more when conditions are optimum, but 
conditions are hardly ever so in farmers’ fields. The result is that 
outside the lab, the average yield taken over many years for HYVs 
may be the same or even lower than that for traditional varieties 
which are less affected by non-optimum conditions. HYVs and 
hybrids are often less capable than traditional varicties of standing 
stresses like climatic variations. 

HYVs require the use of synthetic nitrogenous fertilizers, but 
these increase weed growth. Farmers would need to use more 
labour or costly herbicides and /or acceptlower yields. Herbicides 
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themselves can change the growth rate of the paddy plant, As 
weeds develop resistance to herbicides, the paddy output drasti- 
cally decreases. Such fertilizers may make the plantmoreattractive 
to pests which again means higher costs to the farmer for pesti- 
cides, or lower yields. Another factor ignored is the loss, when 
synthetic fertilizers or pesticides kill other creatures that provide 
food, such as fish and crabs obtained from flooded paddy fields. 

While these may notaffect experiments on crop productivity, 
ignoring them will produce a low value for the total economic 
value of the farmer's holding. ; 

Similar single factor criteria are applied to animal husbandry, 
to aquaculture, to horticulture and other aspects of westernized 


agriculture. 


A further conflict arises between the demands of the “nation” 
or that of the agribusiness industry, and the requirements of 
farmers. The Westernized establishment wants high yields of the 
marketable fraction of the crop so that the whole population can 
seem tobe fed, or high foreign exchange earned. It is unconcerned 
with rising prices of farmers’ ee ye soon Se Me 
incomes, provided yields are high. The contras sts in- 
ereaaee ae ete tional agencies like the IMF, WB and CATT 
impose their criteria. Traditional farmers are interested mainly in 
subsistenceand self-reliance and may be satisfied with the produc- 
tion that the land can yield without degradation. They may have 
prefer to get an assured low yield rather than a risky high yield. 
Some compromise by planting a patch with traditional tasty 
varieties for home consumption with the rest of their land given 
over to HYVs. : 

For Westernized agriculturists, the balance over subsistence 
requirements can be sold for cash which is used to purchase 
syntheticextemnal inputsof fertilizer, pesticidesand evenof fodder 
and fuel. But when oil prices rise, the dependence on such inputs 
makes such criteria absurd. 


Simplistic crop productivity criteria, therefore, cannot be used 
for judging the results of traditional farms, since all the other 
factors need to be given proper weightage too. That leaves only 
farmers’ experiments, carried out over several decades or even 
centuries, as significant. The strength of sustainable agriculture is 
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ISU A y the maintainability of 
soil fertility and of the knowledge and skills of farmers, ae 
down, tested and accumulated over generations. Agricultural 
practices | and systems have therefore to be judged by the 
sustainability of the system as a whole. 


Chapter 9 


Energy, Air & Land 


Energy and the Atmosphere 

Solar radiation is the most important natural resource, for all life 
onearth depends on energy from the sun, Photosynthesis in plants 
“fixes” incorning solar energy, by combining carbon dioxide from 
the air with chemicals from water and the soil, to provide the 
substances necessary for plant growth. All other living creatures 
consume the plants or each other. 

Some of the plants provide food and fodder, which in turncan 
be converted into muscle power. Some plants provide fuelwood 
for heatenergy used in cooking and for processing agricultural and 
industrial products. Some solar energy is transformed into water 
and wind power. 

Traditional industry and agriculture used only renewable 
resources, human and animal muscle power and biomass, and 
even that, in limited quantities. 

When, not if, the availability of non-renewable energy de- 
creases or its price rises exorbitantly, agriculture and industry will 
be compelled to depend on renewable energy once again. The 
problems of global warming and carbon dioxide pollution canalso 
be best avoided by the use of renewable energy. 


Draught Power on the Farm 

A sustainable farm must use renewable energy only and draught 
animal power is one of the most important components. In 
traditional agriculture, the provision of draught power was 
necessarily integrated with the production of food. The types of 
crops and their varieties were often chosen to provide sufficient 
fodder for thedraughtanimalsrequired for that farm’ soperations. 
The animals made use of what the Western system erroneously 
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calls “wastes”: the stalks, weeds, and so on, Fodder from the 
pasture and forest commons supplemented the “wastes”. 

Cattle were bred and selected for their ability to provide 
draught power for ploughing, drawing water, threshing, transport- 
ing the farmers’ requirements to and from markets, as well for 
driving oilmills, sugarcane crushers and for many other purposes. 
They were hardly ever maintained or bred solely for meat or milk. 
Buffaloes, camels, donkeys and even goats were also used for 
draught purposes. 

Over 80 million draught animals in India today, mostof which 
are bovines, provide 66% of the total agricultural power used, 
while 23% comes from human muscle power; fossil fuel powered 
machines (tractors, pumps, etc.), contribute only 11%." It should 
not be difficult, therefore, to replace this minor quantity of non- 
renewable energy with muscle power. 

Bulls for ploughing are affordable by small farmers but trac 
tors are not. Bulls do not need the specialist “maintenance” that 
tractors do. Bulls involve no foreign exchange outgo. “New mod- 
els” can be developed by farmers themselves. Bulls multiply 
themselves, while now and more expensive tractor models have to 
be purchased every few years. Bulls, and other large animals, 
provide several other useful products while tractors mainly pro- 
vide non-recyelable wastes and harmful pollution : 

Itisclaimed that the use of farm machinery eliminates theneed 
for setting aside land for pasture and so 20 to. 30% more food can 
be grown. In the process farmers lose the manure that the cattle 
produce, which, in turn, reduces their crop productivity. Much 
pasture land is unsuitable for crop cultivation, anyway. And the 
straw from farms using, tractors is not recycled, but often burnt. 
Further, food and other agricultural products need to be exported 
in order to pay for the fuel that they require. The use of draught 
animals made farmers aware of their dependence on the rest of 
creation, while the tractor fools them into believing they are 
independent of it. These points are not noted in Western agricul- 
tural accounting. 


Transport 
Bullock carts and animals themselves carried whatever goods 
needed to be transported. Before the construction of the railways 
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connecting the Western coastal regions and the Deccan plateau, 
nomadic Vanjaras carried goods through the mountain passes. The 
railwaysreplaced a sustainable practice withan unsustainableone 
that was also responsible for much of the destruction of the forests 
for sleepers and fuelwood for steam engines. 

Itis estimated that there are still about 20 million bullock carts 
with 25 million people depending, on them for their sustenance, 
generating earnings of about Rs 2000 crore. They carry around 50 
million tonnes of goods annually, against 200 million tonnes of 
goods hauled by other modes of transport? 

‘This saves about 6 million litres of petroleum fuel per year, 
valued at about Rs 4000 crore? The use of more animal-drawn 
transport will also eliminate the intense pollution produced by 
fossil fucled vehicles which directly reduces agricultural pro- 
duction. 

Tt may seem from the above figures that the number of carts 
and draught animals for them will have to be increased four times 
to carry the 200 million tonnes of goods that are now being 
transported using fossil fucls. But thisis far from being so. Most of 
the transportation is unnecessary and harmful and should be 
eliminated. Examples of these are foods and fossil fuels carried 
over long distances, cotton and oilseeds sent to spinning millsand 
extraction units in towns and then back again to the villages where 
they are grown. The limits to long distance food consumption put 
by such transport is seen as a disadvantage by many, but it will 
force agricultural communities to be more self-reliant, expose the 
unsustainability of large cities and remove the threats of food 
export and imports. 

The whole agricultural system, and with it the urban system, 
would collapse if draught power wassuddenly removed — which, 
fortunately, isnot likely to happen. On the other hand, the sudden 
stoppage of fossil fuel powered transport is a distinct possibility, 
and animal drawn transport has to be built up as an insurance 
against that happening. A two week transportstrikebroughtmuch 
ofurban industry toa halt in September 1993. [t was quite amusing 
tosee thatbullock carts were the only meansavailable for carrying, 
kerosene and petrol from refineries to retailers. 

Considerable work is being carried out to improve carts, to 
make them more efficient and less of a burden on the animals, for 
instance, by improving yoke designs. Ballbearings for the wheels 
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have been tried but cannot stand the peculiar stresses and strains 
that they have toundergo when the cartismovingonuneven tracks 
through fields. Rubber-tyred wheels are an improvement for those 
carts moving only on concreted or asphalted roads, but the claim 
that the stecl-rimmed wheels of carts are causing an annual 
damage of about Rs 100 crore to the roads‘ should be balanced 
against the damage that heavily-laden trucks do. 

The increase in the number of draught animals will make 
available more manure to replace synthetic fertilizers. Lf used first 
in biogas plants, it could also provide energy for pumps, though 
this option may not be available to small farmers. On the other 
hand, twodraught animals are sufficient to draw water from most 
surface water wells in regions where the water has not been mined 
and the water table drastically lowered. 


Domestic Fuels 
Fuelwood and farm by-products have been the traditional sources 
of energy for domestic cooking and heating. 

For cooking, wood was preferred that did not produce much 
smoke, nor too much heat, burned atthe right speed and had other 
haracteristics which only the women who did the cooking appre- 
ted. Such species should be planted rather than those which 
merely grow fast or have a high fuel value. 

A reduction in the availability of fuel could result in insuffi- 
ciently cooked food, with a reduction in its nutritive value, and 
hence an effective decrease in food production. 

It is claimed that annually about 600 million tonnes of rice 
husks, coconut shells, groundnut shells, cotton stalks, jute sticks, 
maize cobs and bagasse, are “wasted”. If only 30% is used, it is 
estimated that about 30,000 MW of power could be generated, 
compared to the present total installed capacity of power plants of 
66,000 MW. But such “wastes” are already being used by local 
farmers for fuel, fodder, manureand otheressential uses which are 
invisible to the mainstream since they donotenter their accounting 
books. If present users are deprived of these fuels, more trees will 
need to be cut down for fuel from the already decimated forests, 
more cowdung will be burned as fuel, and crop outputs will fall. 
Itisonly in GRareas that straw is burntas a waste in fields, though 
even there, the ash remains as fertilizer. 
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Such diversion is already occurring: straws and stalks are 
being used for manufacturing paper and board, paddy husks as 
fuel in brick kilns, while other agricultural residues are being 
briquetted into fuel for commercial sale in cities. Sugarcane bag- 
asse, which was and is used as fuel to boil the juice in village units 
for making gur, is now being increasingly used as fuel for the 
boilers in large sugar factories and for paper production. The 
impoverished are now forced to use sugarcane rootsand branches 
of besharam (nafattia). Use of the roots will deprive the soil of 
much-needed organic matter, while besharam contains cyanides 
which will have harmful effects on the health of those women who 
use them. 

Lighting was mainly with oil from seeds like castor, jatropha 
and several others. However, because kerosene is so highly subsi- 
dized, it is profitable for people to sell these same oilseeds on the 
market and buy kerosene. During the Gulf War, when kerosene 
supplies to villages stopped or were reduced, many villagers 
quickly returned to using such oils. Candle wax was obtained from 
wild bees and from several plant sources of solid fats. 

Kerosene and LPG is also promoted for cooking, but again 
during, crises, people are forced to go back to firewood, with 
disastrous effects on the environment where forestry has not been 
promoted. 


Power for Industry 

The Western system sees industrial success as correlated with the 
use of energy or energy-intensive inputs. However, a reasonable 
and sufficient productivity canbe attained with low energy inputs, 
from biomass and muscle power. 

Practically no non-renewable energy goes into the production 
of handmade articles. One of the common complaints about these, 
say cotton cloth, is their high cost compared to the millmade 
equivalent. The low cost of the latter is only possible because of 
the hidden subsidies that are given, particularly for energy 
and pollution. If fossil fuels are priced at their replacement 
costs, then millmade cloth would be unaffordable even by a 
millionaire. 

Other industries can similarly be switched over, for instance, 
the oil extraction mills to village ghanis and sugar mills to gur 
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extraction, gur being more healthy to consume, too. In fact the 
return to artisanal goods is required not only to solve the energy 
and pollution problems but the employment one, as well. 

Biomass fuels makenonet contribution toatmospheric carbon 
dioxide if used sustainably. Biomass cannot, however, provide the 
power used (wasted?) by modern industry with its total depen- 
dence on machines. 

Some renewable fuel could be obtained from chandrajyoti and 
other oilseeds, for use in diesel engines, but this will be negligible 
compared to the quantity of fossil energy used now. 

In order to provide biomass as well as to reduce the carbon 
dioxide concentration in the atmosphere, as much as possible of 
sunlightneeds tobe converted by photosynthesis. Every singleleaf 
of even the smallest herbs makes an invaluable contribution to 
other life on earth. 


Land 

While dependence on non-renewable energy resources is likely to 
have more immediate effects on agriculture, the deterioration of 
land resources will be more permanent. Western practices contrib- 
ute to much soil degradation, while traditional ones tend to 
preserve the soil and its fertility. 

Therehas always been competition for land between forestand 
agricultural requirements. All the land under permanent cultiva- 
tion today, mainly in the plains or on hill terraces, was originally 
forest or grassland. The Kama Jataka speaks of Brahmana clearing 
the jungle for cultivation. Karikala (about AD 190), the first Chola 
tuler, promoted agriculture by clearing forests.’ During the 
Vijayanagar period, Harihara I (AD 1336-1355) gave rewards to 
those who reclaimed land by clearing jungles.’ After indepen- 
dence, the terai region just below the Himalayas was cleared of 
jungle for settling refugees? 

In the traditional land use systems, care was taken to 
construct houses only on the most infertile land, as mentioned 
earlier. 

Out of India’s total geographical area of about 328 million ha, 
155 million ha (47%) are cultivable, 75 million ha forest (22.8%), 12 
million ha (3.7%) are permanent pasture and grazing lands, 3.9 
million ha (1.3%) are under cultivated tree crops, 16.6 million ha 
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(5.1%) are cultivable wasteland and 24.6 million ha (7.5%) are 
barren and wasteland. Land under other non-agricultural uses 
takes up 17.5 millionha (5.3%) while land for which noinformation 
is available constitutes 24.09 million ha (7.3%). 

‘The per capita availability of agricultural land which stood at 
0.48 ha in 1951 will fall to 0.14 ha by 2000 AD." However, such 
averages are misleading in that 10% of the farmers own 70% of the 
land, while the rest 90% own only 30% of the land. Inaddition, 30% 
of therural people are landless. Most of the hungry are landless or 
have too little land to grow enough to feed themselves and their 
families. 

Population increases are blamed for the small landholdings, 
but the reason for so much pressure on land has been the destruc- 
tion of village industries by the British which created enormous 
non-agricultural unemployment. This was discussed in greater 
detail in the chapter on Cotton. Still further damage is occurring 
with the current IMF/WB/GATT processes. 

Because of such pressures, the currentnumber of unemployed 
of 28 million is expected to increase to 65 million by 1995 and to 
exceed 100 million by 2000 AD. To create jobs on such a massive 
scale, it is claimed that the country would have to bring an 
additional 15 million ha of cultivable land under various crops 
and 8 million ha of wasteland under forestry and fodder crops.”* 
Where the additional cultivable land is to come from is of 
course left unsaid, and the effects of privatization of “waste land” 
ignored. 

With the knowledge of the role that forests play in maintaining 
the environment, in reducing pollution, in water and soil conser- 
vation,and soon, more agricultural land can nolonger be obtained 
by clearing forests. However, in all mainstream calculations, the 
food production base is limited to cropland. In India, forests also 
are — or should be — important additional sources of food. 
Moreover, the forests provide direct and indirect nutrients for 
agriculture through manures and fodder for cattle. Preserving 
forests or teforesting degrading lands can also increase food 
production, provided that reforestation results in mixed forests 
and that the forests are left open for community use. 

If food output is to rise, then land on which food is grown 
cannot be diverted to other crops or other uses. The 15 million 
hectares that it is claimed are required for providing employment 
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are tobe used for producing unessential cash crops for exports and 
the food processing industry. This must reduce the quantity of 
food available to the poor, and hence add tounsustainability.Cash 
cropsare usually grown on themost fertileand best irrigated land, 
so they have a disproportionate effect on food production. All 
export of agricultural products, food as well as non-food, is the 
export of land, since it reduccs the area of land available to us for 
our own food supplies. To give just one example, the area under 
soya cultivation is estimated at 4.5 million hectares in 1993.3 Most 
of soyameal left after extraction of the oil is exported. 

Fertile land is being lost when it is used for industries, mining, 
urban expansion, railwaysand airports, for luxury vacation hous- 
ing and recreational facilities like golf courses, race courses, and 
other amenities. Land is being used for dumping, industrial and 
city wastes, for powerstationsand their wastes, and by mostof the 
westernized industry. 


Soil Fertility 

Soil provides mineral nutrients for plants, living conditions for soil 
micro-organisms and other soil creatures that serve several pur- 
poses and physical support for crops. Western agriculture sces 
only the latter as necessary, with the other two being replaced by 
synthetic inputs. 

Good soil builds up slowly over hundreds of years, and will 
take as long to replace when lost, so for all practical purposes it is 
a non-renewable resource. Care for the soil was one of the most 
important aspects of traditional tending of the earth. 

It is estimated that every minute India is losing 10 ha of arable 
land, five through soil erosion, two from salination, one to urban- 
ization and the rest due to other degradation processes.“ A large 
amount of good top soil is being used for making bricks. It is 
evident that extreme care needs to be taken to preserve what is 
available and to improve it. 

One of the major causes of soil loss is erosion. Erosion 
washes away the nutrient-rich top soil first. The thinner the soil 
becomes the less it can produce and the more difficult it is to 
rehabilitate it, Erosion may be caused by agricultural practices 
themselves or by external factors. The use of synthetic fertilizers, 
agricultural machinery and other Western practices cause the 
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rapid degradation of agricultural land, while the best irrigated 
land is being lost duc to salinity and waterlogging. Much erosion 
occurs because of deforestation and cultivated or over-grazed 
sloping lands. Of the total productive land, 174 million ha suffer 
{yom soil erosion, gully and ravine formation, salinity, waterlog- 
ping, and fertility depletion." Erosion placesincreased pressureon 
people to develop new land, often on steeper slopes — which leads 
to further erosion. 

In addition to erosion, the deposition of pollutants on soils, 
from thermal power stations, factories, mining and so on, is also 
removing land from cultivation. 


Sustainable Land Use 

raditional systems, perhaps unintentionally, scrved the purpose 
of soil conservation. The fact that farmers have been cultivating 
paddy on bunded and terraced hillsides for centuries shows the 
cffectiveness of these practices for erosion control. 

Restoring ground cover in erodable landsis essential. The type 
of plant cover is an important factor in determining erosion rates. 
Compared to bare soil, annual crops like cotton, groundnuts, 
maize and cereals reduce erosion to about 30 to 80%. Permanent 
plantations of fruit trees with cover crops, reduce it to 10 to 30%. 
Paddy reduceserosion to 10 to 20%, ungrazed pasture to 1%, while 
dense forest and cultivation with a thick straw mulch to 0.1%, of 
that of bare soil.’ 

Live hedges play animportantpartinerosioncontrol, with the 
close-spaced shrubs helping to retain eraded soil, while allowing 
flood waters to flow through. 

Not all erosion is bad, since it was eroded soil that has been 
deposited to form the fertile soil in the plains, Adivasis in some 
areas allow the soil in their finger millet fields on slopes to be 
washed away so that their paddy fields on the plains just below can 
benefit. If soil is not continuously deposited in river delta regions, 
the surface would gradually sink below sea level and disappear, 
causing losses of large areas of fertile land. 


In addition to “conserving” soil and preventing it from de- 
grading further, traditional practices increased its fertility by 
incorporating organic supplements and by proper crop rotations. 
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Organic matter improves soil quality by increasing granula- 
tion, water infiltration, and the activity of soil micro-organisms 
which in turn improve the soil fertility. 

Thequality of the soil, whichis basically made of fine grains of 
sand or clay, depends on the formation of grains into aggregates. 
The size, stability and the space enclosed between and within the 
aggregates determines the retention and movement of water, 
diffusion of gases, and growth and development of roots in the 
soil.” The aggregates are stabilized by organic and inorganic 
cements, clay or microbial films. The aggregates also provide a 
large surface area to which plant nutrients adhere."* The capacity 
of the soil to hold such nutrients is an indicator of the potential 
fertility of the soil. Organic matter in the soil increases granulation. 

‘The organic matter decomposes into components which plants 
assimilate, and so needs to be continuously replenished to main- 
tain a good structure of the soil. The faster the organic materials 
decomposes the greater is their effect upon aggregation. Green 
manures have a longer lasting effect than straw. Earthworm casts 
formed by cementation of soil particles in their intestines is quite 
stable. Soil flora and fauna cause aggregation due to mechanical 
binding by fungi and actinomycetesand cementation by products 
of decomposition and synthesis by bacteria.” Plants develop new 
roots and decompose the old ones for the formation of stable 
aggregates.” 

Organicmatterin the soilimprovesitstilth. The better the tilth, 
the more casily the soil can be tilled, the easier it is for seedlings to 
emergeand for roots to extend downward. The better the tilth, the 
less work the draught animals have to do. 

Sweet potato is used to improve aeration since it thrives in 
conditions which would choke other crops, its swelling roots 
shattering the soil for thenext crops.” Withouta supply of oxygen, 
the rootlets cannot breathe and the plant perishes.” 

Deep rooted plants contribute to soil formation as their living 
roots quickly corrode limestone, basalt and sandstone.* 

Soil is also improved considerably by the presence of cre- 
atures that break down surface organic matter and larger soil 
particles into finer ones. For instance, the small stones ingested by 
earthworms to break down the leaves consumed by them, get 
ground down into fine soil in their systems and are ejected, 
together with other wastes, as casts around their burrows. In this 
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process, soil is continuously brought up from below the surface. 
Since large stones cannot be swallowed by the earthworms, these 
gradually get buried under the casts, thus improving the top layer 
of the soil.“ Earthworm burrows extend several centimetres below 
the surface and increase the penetration of air and water into the 
soil. The roots of plants often follow the tunnels downwards but 
whenever they pass casts, fine roots branch out to extract the 
nutrients from them. 

Indian earthworms are only active during the damp condi- 
tions of the monsoon, Some foreign species are active throughout 
the year but they require continuous moist conditions for their 
survival. Such conditions occur only under intensively irrigated 
cultivation. 

Earthworms are only one of a numerous range of burrowing 
creatures — ants, dung beetles, rats, snakes, and several others — 
whichimproye the soil. They turn the soil, enrich it, drain it and air 
il, They consume perhaps 90% of the corpses of small animals, 
recycling the nutrients quickly. Birds swallow small pebbles to 
rind down their food in their gizzards and so produce soil. 

Termites are usually regarded as harmful, but in addition to 
assisting the transformation of vegetable matter into humus, they 
are most useful as aerating agents. Their deliberate destruction 
must lead to an overall loss in productivity. 

It is possible that good topsoil that was lost by erosion is 
rapidly restored by such creatures, since there area wide range of 
them around, but only if there is sufficient organic matter for their 


needs, Syntheticpesticides arenow responsible for the destruction 
of many of them. 


It is also necessary to maintain a proper soil pH suitable to 
the crop being grown, so that the nutrients are available to the 
plants. Acidity, which is a measure of hydrogen ion concentration, 
has a marked effect on fertility, since hydrogen ions are cations 
which compete with nutrient cations for exchange sites on soil 
particles. A neutral pH is 7.0. Most crops perform best between. 
pH 6.0 and pH 7.5, Soils with pH values above 8.3 are likely to 
contain sodium carbonate or potassium carbonate. These alkaline 
soils also have poor physical characteristics because of the pres- 
ence of sodium, They are generally found in arid or semiarid 
climates. The application of gypsum (calcium sulfate) and leaching 
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withadequate quantities of high-quality irrigation water can mend 
these soils. Calcium replaces sodium on the exchange complex of 
the soils, displacing the sodiumthatis leached outof the root zone. 
Thisresultsin improved soil properties. Limestone was tradition- 
ally used toimprove acidic soils. Legumes were grown onalkaline 
soils. 

Another method of reducing erosion was the no-till system. 
Here no ploughing atall or only minimum ploughing was used so 
that the soil was not disturbed and sowing was done directly. 
Ploughing loosens the surface soil, disintegrates the aggregates, 
and compacts the soil under the plough sole. The particles of the 
disintegrated aggregates move into the subsoil pores with water, 
reducing the non-capillary pore space. Ploughing also exposes the 
soil to theaction of raindropsand decreases organic matter content 
by rapid oxidation.” No-till was traditionally practised, as men- 
tioned earlier, but only with particular soils, for instance, some of 
the black Deccan soils. 

Tillage, however, is required to control weeds and to provide 
a seed-bed. Moreover, the suspension of cultivation could create 
serious problems on unstable and weakly structured soils in wet 
environments, increasing penetration resistance and the bulk 
density of the soil** No-tillage, as practised in the West requires 
the large use of synthetic herticides. With no tillage, the soil is 
also more likely to be compacted, which can also reduce plant 
growth.” 

Tillage practices also influence the amountand availability of 
nitrogen supplied by legumes. No-tillage systems may reduce the 
nitrogenavailable to the subsequentcrop compared withaconven- 
tional tillage system which more thoroughly incorporates plant 
matter into the soil.” 

Crop stubble left in the field protected the soil from erosion by 
reducing runoff and binding the soil.Ground covers or mulcheson 
thesoil surface effectively reduced erosion. Windbreaks helped to 
keep croded dust in the field itself, particularly in semi-arid and 
arid regions. 

Soil that was lost through erosion was replaced by silt from 
rivers and tanks. 


At around the beginning of this century, salinity in orchards 
was controlled by mulching, as described by a farmer in Vasai, 
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north of Bombay. He spread leaves and grass on the surface of the 
soil round the trees in the basin for irrigation, which checked 
evaporation from the soil surface. In addition, this kept weeds 
under control and kept the soil cool.;t 


Different soil types have different prablems according to the 
soil texture, topography and rainfall, and traditional farmers 
developed solutions to most of them. 

Crusting and hardening occur on some types of soils. The 
surface crusts interfere with germination and crop growth, with 
seedlings of different crops having varying ability to penetrate the 
crust? Crusting was reduced by the use of straw mulches and the 
incorporation of paddy husk and farmyard manure (FYM).* 

Black clay soils, which cover about 50 million ha of land, 
expand during the monsoon into an impervious mass into which 
air cannot penetrate. Hence, except for paddy, no other crop was 
grown in moderately high and high rainfall areas." Such water- 
logged soil was considerably improved by the use of oilcakes, such 

1s that of karanj, which helped maintain the soil textureduring the 
rains3 

In areas where the soil remained saturated but only a few 
contimetres of water stayed in the field, paddy crops could not be 
frown and even the upland crops like sorghum and maize pro- 
duced low yields.* 

Black Soils at higher clevations though not submerged, 
sometimes remained waterlogged during the rains. Ridge and 
furrow, raised and sunken bed, and broad bed and furrow 
systems were developed for these areas to increase drainage as 
well as the retention of moisture in the soil for the cultivation of 
rabi crops.” For instance, raised beds, 6 to 12 m wide and 20 cm 
high, were alternated with 6 m wide sunken beds.¥ In the mon- 
soon, sorghum and blackgram were sown on the raised beds and 
paddy in the sunken beds, increasing yields significantly. The 
succeeding crop of wheat on raised beds and chickpea on both 
raised beds and sunken beds, produced 13 to 15 quintals per ha of 
grain? 

Sorghum, cotton and pigeon pea were cultivated on uplands 
during the rains, but crop yields were low.” Thesoilscracked after 
the monsoon when drying. Rabi crops, however, obtained an 
abundance of air by this process." 
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Desert soils have a sand or loamy-sand texture with a high 
permeability and poor nutrient retention. High inputs of fertilizer 
arcof little use, but pearl millet, maize, wheat and barley in western 
India and sorghum, maize, finger millet and sugarcane were 
cultivated in south India. In coarse-textured upland paddy soil, the 
yield of rainfed paddy was low due to high water and nutrient 
loss.” 

‘The hardening of red sandy loams was reduced by incorporat= 
ing powdered groundnut shellsand FYM. The slow decomposing 
shells are the most effective for reducing the soil hardness and 
improving the crop yield on such soils. The construction of 10 to 
15 cm high ridges on shallow (15 to 35 cm deep) red sandy loam 
reduces the bulk density of the surface layer, increases the infil tra- 
tion ratesand yield of maize. The incorporation of paddy huskalso 
reduces the bulk density of the soil. 

Lands which were sloping, eroded, stony, or shallow, and 
therefore are unsuitable for cultivation of agricultural crops, were 
put to productive use as pastures and forest lands. 

Lands that are unfit for these, too, are now being successfully 
utilized. Sisal and bhabar grass grow reasonably wellon the rocky 
lands of the Doon Valley. These soils have more than80% boulders 
and pebbles. Sisal provides fibreas wellas protection from grazing 
animals and checks erosion because of its soil binding capacity. 
Bhabar grass, traditionally used for making ropes and now com- 
mercially used in manufacturing paper, also helps in reducing 
erosion. The Sisal Research Station, Bamra, Orissa has shown that 
a net profit of over Rs 7000 per ha per year can be thus obtainedon 
poor soils.* 


Legal Issues 

Although the concept of private property exists for land owner- 
ship, it is still not so strict for land use. People have traditionally 
been given rights of passage through fields, passersby were al- 
lowed to pluck fruits and drink water from wells, often matkas 
(porous earthenware jars) were kept specially for them. But when 
city-bred farmers buy land, the first thing they dois to build a high 
wall or put up a 6-strand barbed-wire fence. Their ideas of mine 
and thineare very rigid. Their (large) fieldsare tightly enclosed and 
centuriesold rights of passage abrogated. No one can pass through 
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even if it means that aged villagers and young children have to 
walk a kilometre more to reach their homes and schools. 

What agricultural land is available, needs to be equitably 
distributed not only for the sake of justice, but also since the 
productivity per hectare is higher on small farmer-owned plots 
than on large tenanted or leased ones.“ Tenant farmers and 
sharecroppers see no gain to themselves in making long-term 
improvements. 

Moreover, much landislyingidleas biglandlords, who donot 
deign to soil their own hands, find it difficult to get labour. Many 
of these are selling their land and moving to towns and cities, but 
the landless cannot afford to buy this land because of the high 
prices offered by other city dwellers who are fleeing the polluted 
and crowded urban areas. These latter purchase land as a refuge 
or asa good investment, rarely for farming. 

Itis then that those whose farms do not allow a second crop to 
be cultivated or those who do not have work on the landsof bigger 
farmers, have to emigrate to towns and cities for work in brick 
kilns, housing construction, etc. Thisisa degradation of thesystem 
where such people would be occupied in village industries like 
spinning and weaving, oil extraction, ete. 


The ideal land use policy would be one where all land is held 
in common by the village and distributed to families for use only 
on the basis of what they need — and can cultivate — for self- 
sufficiency. Therestof theland would be used for common grazing 
and forests. With land held incommon, therecan be no speculation 
inland. The land would be valued asa resource whose outputs are 
to be limited if they are to be sustainable, there being noalternative 
source of food and income. 

Until sucha state is achieved, itcan also be demanded that the 
land ceiling laws be amended and implemented, or that other laws 
enacted such as that all land held must be cultivated. Some 
compensation for the landless or small landholders could be made 
by reserving, for them only, the rights to the jungle produce, minor 
or major. 

Until all theagricultural priority needs are fulfilled,no land — 
particularly cultivable land — should be diverted to non-agricul- 
tural purposes. Housing should be restricted to rocky and 
uncultivable land. Roads should be kept toa minimum, which will 
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require the transportation of agricultural and industrial produce to 
be limited. A comprehensive land use policy is also required for 
housing, industrial and other diversions. 


Land, however, will continue to be a problem if the current 
hyperconsumption society is promoted. 


Chapter 10 


Water 


Water carries essential chemical nutrients to the plant, transports 
nutrients and other chemicals within plants, serves as a medium 
for essential chemical reactions, and provides structural form and 
strength by exerting turgor pressure from inside plant cells.‘ 
Without adequate water to transport the nutrients plants need, 
their growth would not be adequate, the productivity would be 
less or the plants would die. 

India has a long history of the regulated use of water for 
agricultural and domestic use. The latter cannot be ignored since 
all people, whether farmers or not, depend on an adequate supply 
for their existence. 

A large mud embankmenton astone foundation for diverting 
flood water in the Ghod River through a channel dug for the 
purpose was discovered at Inamgaon, a Harappan site, this being 
perhaps the earliest evidence of irrigation in India. There are Vedic 
Age references to craftsmen who led forth the rivers and to 
irrigation by channels taken from the rivers * 

The practices of irrigation using rivers and tanks are men- 
tioned in the Kama Jataka, Kautilya’s Arthashastra? and other 
ancient texts. 

In Sringaverapura, 35 kilometres from Allahabad, a 2000 
year-old, 250 metre long tank has been uncovered by archa- 
cologists, the largest so far excavated. Water for this tank was 
obtained from the Ganga through a canal several kilometres 
long. The water was first led into two circular chambers where 
silt settled down, through a curved channel which further 
helped in the deposition of suspended solids and then overa series 
of steps into a brick tank built so as to break the force of the water 
entering the main tank. Clean surface water from this first tank 
flowed into other tanks which supplied water to the population of 
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the town. Itwasa highly sophisticated piece of hydraulic enginecr- 
ing. 

Karikala (about AD 190) built a number of irrigation tanks 
Channels werealso dug outin the soil todrain excessive water. The 
Pallava king, Mahendravarman I, constructed the first tank in the 
Tamil country in the early seventh century and several large 
schemes were carried out after that.* 

Tradition attributes to the Chola kings the construction of the 
famous anicuts across the Cauvery in the Tanjore District. The 
Great Anicut below Srirangam consists of adam of unhewn stone, 
329 metres longand 12 to 18 metres broad. The largeTalkad Anicut, 
the lowest one down on the Cauyery, was constructed in the tenth 
century. The most recent, with a few exceptions, are not less than 
three centuries old. The channels from the reservoirs followed the 
slopes of the land to irrigate large tracts of the country on cach 
bank, the total length running in Karnataka being more than 1900 
km.’ 

In Gujarat, the earliest existing stepwell was builtat Khand in 
the sixth or seventh century AD. Stepwells were not merely 
sources of water, butalso places for social intercourse and of great 
architectural beauty. Some of the steps led deep down to enable 
people to draw water even in drought years. Now, most of these 
wells are now dry due to the fall in the water table, and are being 
used as dumps for domestic and industrial waste?” 

In AD 1367, the Anantaraja Sagar in Andhra Pradesh was 
constructed with a reservoir area of about 41 square kilometres, 
and an earthen dam about 1300 metres long. This tank still exists. 
Around 1521, the Vijayanagar Dam and channel at Korragal, and 
the Basavanna channel, were built. Both are still in use’ 

Irrigation was carried out through chains of tanks in Andhra 
Pradesh and Karnataka. Telangana, where most of the irrigation 
tanks are located, is known as “The Land of a Thousand Tanks”. 
The tanks were constructed in series by bunding the same valley 
at several points. The surplus water escaped over the waste-weir 
from one tank and fed the tank lower down. Surplus irrigation 
water from the fields under the upper tanks also seeped through 
the subsoil and flowed into the lower tank. In this way, the benefits 
of irrigation were distributed over the entire watershed. Ifa single 
big, storage tank had been built, the catchment area would not 
derive any benefitand the entireirrigation potential would be used 
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downstream. The Palar system had one thousand tanks in its 
valley, thelastone being the largeRamasagara Tank. Itisestimated 
that there were in Karnataka, about 39,000 tanks, varying in size 
from small ponds to extensive lakes, dispersed throughout the 
country. One of the largest tanks, in Sulekera, was 64 kilometresin 
circumference.” 

Large tanks had an embankment across the line of the flow of 
water, with two side embankments. The fourth side was left open 
for water to flow in. The main embankment was fitted with sluices 
tocontrol the flow of water. Special overflow weirs were provided 
over which excess water could flow without damaging the main 
bund. Mostof the tanks, however, weresimpler. Smalldamsacross 
streams were sometimes constructed to divert water to the tanks. 

Tanks in Tamil Nadu were capable of irrigating, from 5 to 250 
hectares. In low rainfall areas, the tanks held water for only a few 
months beyond the monsoon, but they still provided for security 
irrigation during the monsoon and the water was often sufficient 
for a second crop after it. 

In some areas, there was no direct irrigation from the tanks. 
They served only as percolation tanks to recharge ground water, 
with wells in farmers’ fields serving to extract it. Surface wells, 
{rom which water was lifted by several animal-operated systems, 
allowed for further flexibility in water use. For instance, paddy 
could be grown even when there was not sufficient water in the 
tank. Where the land held by individual farmers was too small to 
support a well, several farmers would cooperate to share the cost 
and water. Such cooperative systems still exist today but are being, 
eroded since banks refuse to giveloans toinformal village coopera- 
tivesorbecause greed reduces thedesire to cooperate. And, theuse 
ofdeep bore wells by rich farmers has dried upmany of these wells. 

Tank construction and maintenance was sponsored by local 
rulers, dominant groups, zamindars, priests,as wellas villagers in 
cooperation. The motives of the former were often purely selfish in 
that tanks raised revenues, part of which, however, was used for 
the maintenance of the tanks. Others constructed tanks for obtain- 
ing religious merit. Maintenance of tanks and cleaning of channels 
was also carried out by farmers in cooperation, with those not 
contributing labour (according to the size of their holding) forced 
to pay a cash penalty which was used, not to pay for more labour 
but for celebrations of feasts.” However, in some cases, the people 
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of “lower castes” were forced to carry out such work without any 
payment.” 

Actual construction was sometimes undertaken by special 
communities experienced in this work. These were sometimes 
paid with leases on lands irrigated by the tank. There were also 
special groups who were, by heredity, experienced in operating the 
sluice gates and providing each farmer with an equitable quantity 
of water without wastage. They werechosen by the members of the 
group itself, and if found unsatisfactory by the farmers, would be 
replaced by the group. They were paid witha quantity of rice, since 
they provided water principally for this crop.” 

Many of the tanks fell out of use for various reasons. The British 
destroyed part of the system when they took over control of all 
irrigation and revenue collection. The taxes they exacted forced 
farmers to irrigate continuously, leading to water logging and 
salinity problems. Their high revenue assessments were not used 
for the benefit of the people in the region from which they were 
collected. The resulting fall inagricultural productivity and, there- 
fore, of revenue made the British realize the importance of tank 
irrigation, and attempts were made to revive the system atthe end 
of the nineteenth century. After independence, the irrigation 
department took over the maintenance of tanks but with further 
neglect and deterioration. 

Perhaps, many of the systems were inherently unsustainable 
because they wereinsitutionalized, not developed and constructed 
by farmers or small groups of farmers themselves. The technology 
was imposed on them, possibly, because the rulers needed more 
grain to feed their armies, just as the government today demands 
more agricultural exports to earn foreign exchange for “defence” 
imports. The systems could also have been unsustainable because 
their maintenance required the unjust use of “low caste” labour. 

However, over 500,000 of the old tanks still survive to this 
day." It has been calculated that tanks restored or built over 3% of 
India’s land area could store one quarter of the nation’s rainfall."* 

Traditionally, farmers used the silt from tanks to enrich their 
fields, thereby also restoring any soil lost by erosion. The use of 
synthetic fertilizersapparently madethisunnecessary, resulting in 
the tanks silting up, holding less irrigation water, increasing 
effective erosion of fields and ultimately decreasing yields. Some 
of the clayey silt from the tanks was used to make bricks and 


Water 175 


roofing tiles on a small scale. Now this is not available, forcing 
farmers to use their topsoil.” The lack of settling tanks meant that 
the soi] eroded and broughtin by theinflow went downstreamand 
ultimately to the ocean, instead of being recycled hundreds of 
times on its way. 

River flood waters were also efficiently used through inunda- 
tion canals to carry silt to fertilize fields. They were common in 
Punjab and Bengal, where the river banks were much above the 
level of the surrounding land.'¢ 

There were alsonumerous indigenous irrigation systems such 
as khadins, bunds and others which were generally low cost 
methods of collecting and using rain waler, many of which are still 
being used. 

In arid western Rajasthan, the traditional khadin system of 
water harvesting has been practised for at least 500 years. This is 
limited to specific sites where catchments for runoffand low-lying 
farm lands for growing crops exist close to each other. Rain from 
an area up to 20 times that of the ficld is required for successful 
cropping. Water can only becollected inareas with low infiltration, 
for instance, rocky ground. The run-off should not cross clayey 
soils or limestone strata which absorb a lot of water, while a clay 
soil which absorbs water is necessary in the cropping area.” 

In other cases, a bund across sloping land collects monsoon 
rain water, which percolatesinto the soil and keeps it moist. Wheat 
or chickpea is sown on these lands in November, without any 
additional water supply. Up to three crops a year can be grown in 
some places. Khadins are still in use, with water collected from 
about 2000 square kilometres feeding 120 square kilometres of 
cropped area.# 

Water for grazing animals was providedby depressions which 
collected water from the surrounding catchment to form a pond 
which often stored water till the next monsoon. Although the land 
surrounding the ponds could be cultivated, it was reserved for 
grazing only, Ponds were lined witha non-permeable clay, mixed 
with cowdung. 

Farmers in the upper part of the Narmada valley in Madhya 
Pradesh are still using an ancient water harvesting system, locally 
known as haveli, covering about 150,000 hectares. Embankments 
up to 3 metres high are built around nearly flat fields in which 
rainisimpounded. Just before sowing time, the waterisletoutand 
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the fields sown as soon as the land is dry enough. After this 
no irrigation is required for the crops. The haveli system is suited 
to the particular soils and monsoon patterns in that are, The 
impounded water also helps control weeds, particularly, kans.” 

Another example of the type of development that can replace 
the Narmada dam is that of the Navamoto watershed in the 
Sabarkantha district of Gujarat. This is a drought prone district, 
only part of which may perhaps be reached by the tail end of the 
Narmada canal. With contour bunding, minor levelling, gully 
plugs, checkdams, rain water harvesting and well digging, it has 
been possible to grow crops even in years when rainfall dropped 
from a normal 80 cm to about 20 cm. In addition, reforestation, 
grassland development, and agroforestry have becn promoted.” 

There are numerous similar examples available all over the 
country. There would be little need for the construction of large 
dams if such systems were encouraged, systems which also give 
local people more control over the utilization of their resources and 
hence reduce the chances of bureaucratic corruption. 

Watershed development should try to restore the natural 
conditions which existed earlier. However, it is often seen as 
merely a number of separate technologiesadded together: erosion 
control by levelling and contour bunding and reforestation with 
plantations, and the construction of dams. 

The Adivasis in several areas have been bunding their nallas 
for several decades, if not longer. The bunds, of stones, mud and 
twigs,are made by individual farmers across the nallas adjoining 
the land they have on the banks. Traditional small bunds did not 
flood cultivated land since the storage was limited to the nalla bed 
itself. They arealso constructed so that a part could be brokenopen 
toallow excessive flood waters to flow out, with fish traps installed 
in these cuts. 

Local technologies will usually be found to be more suitable 
than grandiose, imported ones and will stand a greater chance of 
being readily accepted by the community where their restoration 
or dissemination is required. Larger schemes, if necessary at all, 
can be built upon these local technologies. People’s cooperation is 
also essential for the continued maintenance of all types of conser- 
vation works. 

Small gullies can be “plugged” with live hedges, brushwood, 
earthen and rock dams. Nirgundi, veliver grass, bamboos and 
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besharam are good species for live hedges for controlling erosion. 
{abul on humps and side slopes and bamboos in gully beds, are 
some of the suitable tree species for the ravinelands." Deep gullies 
can be planted with suitable trees with the sides stabilized with 
jrass species like marvel. 

Rather than using expensive drip irrigation schemes, simpler 
and much cheaper traditional techniques can be employed. Clay 
pots and bamboo tubes were filled with water which seeped out 
slowly. 

Termites havebeen traditionally used to increase water percola- 
lion in the dry regions of the Sahel in Africa. A small hole a few 
centimetres deep is made at every point where seeds are to be 
planted. A little organic debris is put in the hole to attract the 
termites, which have to make tunnels in the soil below to get to the 
material. Such percolation to lower depths can be of crucial 
importance to cropping success In the Konkan, it has been 
observed that in the dry season, termite tunnels surface at every 
few centimetres in fallow fields as they search for organic material. 

Soil conditioners can be used to some extent to increase 
moisture retention. Coconut husk powder, a “waste” product of 
thecoconut coirindustry, absorbsa considerable quantity of water 
and releases it slowly. Porous, sandy soils can be treated with it to 
increase the moisture availability for plants. 

Alexander Walker, Resident at Baroda, wrote (around 1820): 
“The practice of watering and irrigation is not peculiar to the 
husbandry of India, but it has probably been carried there to a 
preater extent, and more laborious ingenuity displayed in it than 
inany other country. The vastand numerous tanks, reservoirs, and 
artificial lakesas well asdams of solid masonry in rivers which they 
constructed ... show the extreme solicitude which they had to 
secure this object’8 These systems need to be rejuvenated with 
equal ingenuity with which they were initially built and main- 
tained. 

Water divining for surface wellsis also a traditional technique. 
‘The Warlis use wet soil around land crab burrows as signs of the 
ence of underground water There is a school teacher who 
lives in a village about 100 km from Indore, who uses Shiv 
Swardya, an ancient tantric breathing method, for divining, and 
whochargesnothing, Professional divinerschargeRs5,000 per trip 
plus plane and hotel charges* 


oxis 
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Traditional methods of reclaiming saline soils were in wide 
use to repair the damage caused by faulty irrigation. They included 
adding organic materials like FYM, molasses, sugar factory 
press-mud, green manures, crop residues, blue-green algae and 
weeds. The application of gypsum or sugarcane press-mud 
improves the structure of sodic soils and increases the water 
storage capacity by increasing the amount of waterretained due to 
increase in pores of large diameter. Mixing of rice husk, gypsum 
aie ee in sodic soils improves their water intake rates consider- 
ably.’ 


Dhaincha, a plant used widely as a green manure, has been 
successfully used on saline alkali soils as it thrives well under 
moderately saline conditions and can withstand high alkalinity, 
water logging and drought. Dhaincha’s extensive root system 
Opens up the compact subsoil, and thus improves permeability 
leading to better acration and leaching of salts. It decomposes 
rapidly, and its acidic sap (pH 4) is effective in neutralizing 
alkalinity. It grows luxuriantly yielding more green matter than 
most other crops, and has a high calcium content.” 

Brahmadandi (Mexican poppy), an exotic but common weed, 
has also been successfully used. The organic acids released on its 
decomposition neutralize the alkalies in the soil. Plant powder 
added to the soils at 2.5 tonnes/ha lowered soil pH from 10to7.80. 
The plantalso has highnitrogenand potassium contents.*Numer- 
eS methods of reclaiming saline lands were (and are) being, 
used. 

Several plants grow fairly well onalkalinesoils. Amla, karwan- 
da, mahua, kavath (woodapple), phalsa and bael can be grown in 
alkaline and sodic soils where the pH is 8 to 10.52? 


Crops 

The following crops were grownin order of their ‘decreasing water 
availability: paddy (two or even three crops if possible or as little 
as needed for home consumption), sugarcane, groundnut, pulses, 
finger millet, onions, chillies, coriander and so on, and fruit trees 
such as mango. Even with sufficient water, cash crops such as 


sugarcane were only grown after sufficient paddy was grown for 
home consumption. 
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Crops that were irrigated were not planted continuously, but 
yoliled with crops that did not require irrigation, as the Khandesh 
examples show, not only reducing water use from canal irrigation 
hut also preventing salinity and water logging. 

Cropswithlow water requirements give higher yields per unit 
‘of water than those requiring plenty of water. For instance, coarse 
yrains like finger millet and sorghum give about 4.6 kg/ha/mm 
while paddy gives only 1.7 kg/ha/mm of water. However, a 
lendency to consider paddy a superior food —or its need for cash 
income — lures some farmers to grow paddy under unsuitable 
conditions. The result is that the farmer gets much lower yields 
than what would have been obtained with coarse grains.” 

Rainfed agriculture in semi-arid and arid areas used crops 
vith low water requirements, with mixed cropping and intercrop- 
ping of shallow and deep rooted crops and the use of organic 
jianures for retaining soil moisture, all providing security against 
monsoon variations. Irrigation, if used at all, served mainly as 
insurance against failures of the monsoon at critical times of 
vegetative growth and flowering and seed setting. The condition 
of soil and its moisture was determined by observing the state of 
the foliage or other indicators. 

Pulses were the usual dry season crop until assured irrigation 
displaced them in the GR areas. Being nitrogen-fixing and deep- 
rooted, they thrived on marginal lands. They provided proteins, 
nutritious fodder and green manure. In sandy desert soils of 
Rajasthan, Haryana and Gujarat, mothbean grew fast and formed 
a dense cover, acting as a good erosion-resisting cover crop." 

Another practice was to sow a mixture of several seeds with 
different water requirements, in the hope that one or two types 
may survive. Sorghum, for instance, was mixed with mothbean, 
lablab, niger (khurasni), pigeon pea and mung.* Other such mixed- 
cropping systemsare sorghum or pear! millet with pulses, ground- 
nut with sesame or pigeon pea (kharif), wheat or barley with 
mustard or chickpea, and lentil with linseed and chickpea (rabi). 
‘The result was that however the monsoon behaved, some varieties 
would produce well. 

A mixture of short and long duration crops, or of some that 
thrived in normal rainfall with others that survived in bad years 
has been traditionally employed as a security measure. Today, if 

the monsoon does notstartin time and the first paddy seedlings die 
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off, farmers often switch to shorter duration, but lower yielding 
varieties. 

Often it may be necessary to go back to traditional crops. 
Indore, in Madhya Pradesh, gets about 90cm of rain annually. The 
soil is black cotton, with chickpea the traditional crop. But with 
bore well irrigation available, farmers plant soya bean and wheat, 
the latter requiring six irrigations a season. For the last few years 
the rainfall has been less than half normal and the wells are drying 
out, forcing farmers to go back tochickpea.* The danger is that the 
traditional chickpea varieties as well as the knowledge to plant 
them may be lost. 

In Gujarat, groundnut (an exotic plant) replaced traditional 
crops, asa rainfed crop. It has been a major oilseed crop in Gujarat 
because of the relatively high income it gives. However, though 
rainfed, it requires adequate but proper distribution of four show- 
ers over two months. The currently changing rainfall patterns do 
not provide this,and farmers have had to switch back to traditional 
millets, mustard and cotton crops, whicharenot finicky about their 
water requirements. The unsustainable traits of exotic crop vari- 
eties may appear only in the long run. 

In arid and semi-arid regions, the variability of rainfall from 
year to year, the duration of showers and the start and withdrawal 
of the monsoon are worse than in regions of high rainfall. Farmers 
had devised safestrategies to takecare of these even underextreme 
conditions of drought. 

The type of soil determined the amount of moisture retained 
and henceitsability tosustain growth. Blacksoilshave ahigh water 
holding capacity. Sorghum, finger millet, wheat, chickpea, chillies 
and several other crops, were traditionally and successfully grown 
in these soils without irrigation.® 

After the kharif crop, farmers often grew a second dry-season 
crop such as lablab or sesame in the Konkan, on the moisture 
retained in the soil. 

If carefully used, irrigation sustainably increases the produc- 
tivity of the ecosystem. However, a very large proportion of 
agriculture is still rain fed, contributing much to production in the 
country. Today, 70% of the cultivable area is rainfed, producing 
40% of the grains. Because of the problems which extensive 
irrigation produces, rainfed agriculture will have to contribute 
much more. 


Water 181 


Ponds and lakes were often cultivated. One of the common 
Water plants cultivated, was the water chestnut. This was propa- 
juated by tying 3 or4 pieces of the vines into a knot, which was held 
by the toesand pressed into the mud at the bottom of the tank, often 
more than a metre deep. The fruit were boiled before sale, or the 
kernel was made into a flour. If the pond water was required for 
drinking, the leaves of the plant were removed after the harvest to 
prevent them rotting in the water2* Several species of lotus and 
sedpes were also of economic importance but these were found 
yrowing wild. 

As normal soil gets fully cultivated, it may be necessary to 
move to soils that are not ordinarily used. There are still in use 
several varieties of rice that are grown in saline waters. 
Near Bhavnagar, Gujarat, pearl millet is being planted in sand 
and irrigated with seawater, with yields up to 1.5 tonnes per 
hectare. In Bombay, fenugreek is being grown on sandy 
beaches. Other common crops that can be bred or selected for salt 
{olerance are some types of wheat, cotton, barley and asparagus. 
Muchul yields oilseeds like those of safflower,its foliage is eaten 
emergencies. Several grasses — on which goats and horses 
ymze — and other plants, can be seen growing on shorelines, 
though many of them are being lost because of reclamation and 
pollution. 


The Situation Today 
With normal monsoons, India receives every year about 400 
million hectare-metres of water through rain and snowfall, with 
the latter accounting for a quarter of the total. Some of this 
evaporates, some flows into tanks and lakes, some gets absorbed 
into the soil and charges the underground water table, some is 
used by trees and crops, human beings and other creatures, 
transpired or excreted. About 150 million hectare-metres flow 
into the sea or neighbouring countries through rivers, though 
some of this is balanced by inflows from neighbouring coun- 
tries. 

The per capita availability of water in India was about 
9,400 cubic metres in 1901 but dropped to 3,200 cubic metres by 
1981.” But there is a wide variation in the natural rain that falls 
from region to region and hence of available water. The “normal” 
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situationisaggravated by“abnormal” monsoons whichare blamed 
for droughts — an absence of water — and floods — an excess of 
it — both responsible for an annually increasing loss of life, crops 
and property. 

Droughtis conventionally considered to bea plain and simple 
deficiency in rainfall, but it needs to be seen as any reduction in the 
availability of water for essential purposes. Frail and fickle Nature 
is conveniently held responsible for “natural disasters”, but hu- 
man interventions — from the massive interference in Nature’s 
processes which has modified the climate to social oppression 
which deprives people of their water requirements — can be held 
responsible, too. 

‘There are several types of drought that may be distinguished 
in order to study their individual causes and effects. Meteorologi- 
cal drought is due to the non-arrival of the rains or to their 
irregularity during the season. Global climatic change could in- 
crease the frequency of occurrence of meteorological drought. 
More erratic monsoons, and deviations in rainfall patterns during, 
the monsoons, canhave drastic effectson crop production. The net 
effect would be more uncertainty in food supplies and incomes and 
increasing, unsustainability. 

Surface water droughtis the reduction in the quantity of water 
that can be used fromstreams, tanks and lakes. The degradation of 
the watersheds is one of the main causes for the reduction in water 
availability. The eroded region’s capacity tohold water is reduced, 
which in turn decreases infiltration and increases runoff. Erosion 
also makes it more difficult for plants to grow since they have less 
soil in which to spread their roots, less nutrients and less water. 
This feedback process makes degradation, once started, praceed 
very rapidly. The use of surface water for intensive farming has 
caused numerous disputesbetween parties who claim rights to the 
water. The situation could get much worse if climatic change 
causes further monsoon variations. 

Groundwater drought is the lowering of the water table. 
Where more than theannual recharge is withdrawn from the water 
table, fossi] water, which could have taken thousands of years to 
accumulate, is being mined like any other non-renewable mineral 
with the possibility of its getting completely exhausted. Excessive 
extraction for agricultural as well as industrial use, is proceeding, 
so rapidly that desertification is the quite probable consequence. 
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I'he use of modern deep bore well technology, restricted to rich 
Jarmors, has in many cases resulted in increasing inequity, as 
surface wells of poorer farmers dry up. Such inequity multiplies 
the inequalities based on land ownership. 

Soil water droughtis the drying of soilsat the levels of cropand 
iree roots. While the types of drought mentioned earlierreduce the 
input of water available to the soil, bad agricultural practices can 
increase soil water losses, with crop yields dropping drastically. 
Such practices also contribute to floods and accompanying ero- 
sion. 

Industrial drought is the result of excessive use of water for 
manufacture and ils pollution. Theimpoverished, with theirpopu- 
lation growth, are blamed for the overuse of water resources and 
for the degradation of the watersheds. But the problems lie more 
with the increasing: consumption of industrial products which 
require enormous quantities of water for their manufacture. The 
natural regional disparities are further aggravated by the in- 
creasing demands of affluent urban dwellers. The limited water 
available is being increasingly polluted by industrial effluentsand 
untreated sewage from towns, making, it unusable not only for 
drinking and houschold purposes but often for agriculture and 
aquaculture. 

All types of drought can also be considered social drought 
since they are due, at least in part, to the direct or indirect 
intervention of human beings. 


False Solutions 

‘Theuse of high technology is often proposed asa means of solving 
water-shortage problems, but most such solutions are accompa- 
nied by their own package of side effects which often turn out to 
be major problems themselves. For instance, Israel’s “miracle” of 
“turning the desert preen” has been possible only through exten- 
sive ground water mining, and theappropriation of water belong- 
ing to neighbouring countries. 

Largedamsare thesolutions mostoften proposed forrclieving 
shortages of water and for the production of non-polluting hydro 
power tocnergizeirrigation pumpsand industry. Theirsiltation at 
rates much higher than predicted, reduces their lives to a few 
decades. Deforestation in the watershed area, increases erosion 
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and may even alter rainfail patterns. The submergence of the 
reservoir area involves the loss of good fertile land, and the 
extinction of a wide range of species of plants and animals, some 
perhaps unique to that habizat. Reduction in flow downstream of 
the damreducesagriculturaloutput, increases the concentration of 
pollutants, drastically changes the tidal flows in the estuaries 
causing havoc with aquaticlife. Millions of people, usually Adivasis, 
have been traumatically displaced by dam projects. With the 
people goes the food and other crops they cultivated, their loss of 
livelihood, their cattle, their construction worksand their cultural 
environment. 

“The short-term benefits of intensive irrigation are usually 
followed by longer-term problems of salinity and waterlogging, It 
is estimated that nearly 10 million hectares of cultivated land in 
India are waterlogged, another 25 million hectares affected by 
salinity, with 36% of the total canal irrigated area may soon be 
uncultivable for these reasons.* Such irrigation cannot be the 
solution for much further increases in productivity. It is the 
externalized costs of big damsand large irrigation projects thatadd 
to unsustainability. 

Though water is essential for agriculture, irrigation itself has 
made agriculture unsustainable. The cause of the decline of the 
Sumerian civilization was salinity and water-logging.® 


Water and Development 

There is need for an overall policy of water use which allocates 
whatis availableon the basisof sustainable use, for domestic, vod 
cropirrigation, cash crop irrigation, basicand luxury industry and 
even lawns, fountains anc swimming pools, The current priorities 
aim at satisfying the wants of a small segment of society with the 
needs of the vast majority neglected. Evidently, the latter are 
considered expendable. 

The lack of access of villagers to drinking water also affects 
their agricultural activities. If they have little to drink or have to 
spend most of their time collecting water, farming operations 
suffer. Deterioration inhealth willmake the situation worse. While 
the government produced a National Water Policy in 1987, few of 
the basic problems were tackled or even considered init. Although 
priority had been given to drinking water to be supplied to all the 
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ions still remain without 


rural and urban population by 1991 
clean water, since irrigation lobbies still manage to corner limited 
supplies, and industrial demands are unlimited. While much 
attention has been paid to increasing the irrigation potential with 
large projects, little was proposed to be done to develop small 
watersheds.” 

The water situation can be corrected only if there are strict 
checks on the withdrawal and wasteful use of groundwater; 
planned efforts to increase recharge and harness rainwater in 
surface structures; and changing cropping patternsto plants which 
can be sustained either with modest amounts of fresh water or 
which can tolerate saline water. More immediate attention has to 
be paid to conserving the use of water and reducing its pollution 
rather than increasing supplies to some areas while reducing them 
in others. To increase the supply is often more costly, and in any 
case it merely postpones a crisis. 

The destruction of ecosystems and forests, the drying up of 
surface wells by nearby bore wells, the pollution of water by 
industries, sewage, fertilizers and pesticides and all the other 
causes of social drought is a deprivation of the right to food and 
drinking water and hence of the right to life itself. Legislation for 
controlling or mitigating the effects of drought can then be based 
on this fundamental right. 

On the international scene, some countries “conserve” their 
own water by importing food and water-intensive cash crop 
produce from others, usually tropical countries which, in effect, 
export their water. 

Sucial justice requires that all farmers in a given watershed 
region have equal access to the available water, with the landless 
also given entitlements to water which they can sell to those 
with land. Cooperation among farmers is required where runoff 
has to pass through neighbouring farms, This is normal where all 
farmers cultivate paddy, but causes problems when some farmers 
turn to orchard growing or other crops which cannot stand 

flooding. b 
Making more efficient use of the water resources available is 
contingent on a different type of development, one that evolves 
fromacomprehensive definition of social justice. However, drastic 
changes in climate are now inevitable. While fighting the root 
causes may take some time, there is hope that going back to 
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traditional methods of agriculture, with their inherent insurance 
against climatic variations, can reduce some of the consequences 
quickly while ensuring sustainable development for the future. 


Chapter 11 


The Genetic Heritage 


Solar energy, the atmosphere, land and water all contribute to the 
diversity of plant and animal species, from which some varieties 
have been selected by farmers for cultivation over the centuries. 
Genetic resources are renewable in the sense that they live and die 
and regenerate, but if all plants of a species are extinguished, the 
species is lost forever. 


Traditional Crop Types 

Ihe Harappans, more then 4500 years ago, cultivated wheat, 
barley, peas, chickpeas, date palms, cotton, species of Brassica and 
probably other crops, too.! 

As mentioned previously, earliest evidence in India of culti- 
vated rice is that from Lothal (2300 BC). Archacological evidence 
merely states that a particular species was in use at about a 
particular time; it could have been in use and even cultivated 
centuries oreven thousands of years earlier. On the other hand, not 
ill the seeds found by archaeologists may haye been cultivated; 

ome may have been growing wild as weeds”. Butall crop plants 

would have been considered weeds in antiquity if the present 
definition is to be applied and today’s “weeds” may become 
(omorrow's cultivated crops. 

On account ofits heavy yields, rice could supporta far denser 

population than any other cereal, and hence its use grew rapidly.” 

\s the population increased and moved into other geographical 
» the variety of foods consumed or cultivated kepton increas- 
iy, a ancient manuscripts reveal. Cereals and pulses were the 
‘vain crops, but dozens of other crops were cultivated and hun- 
‘edsof wild ones provided substantial quantities offood, fodder, 
{uel vnc raw material for a vast range of village industries. 
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Many of the traditional crops that were in use around four 
thousand years ago still play an important role in Indian agricul- 
ture, pointing to the sustainability of the varicties as well as their 
value tothe system, Indian named varieties of rice have been in use 
for more than 100 years at least? The new varicties introduced 
today, on the other hand, need to be replaced within a decade or 
two. 

Innumerable varieties of a particular crop typeare required by 
ecological differences on the microregion level. Such varieties of 
nearly all crop types have been developed by ordinary farmers 
over the centuries. About 40 different botanical varieties, among, 
which were 6 dwarf varictics, of wheat were recorded ina survey 
of Luallpur, Punjab between 1906 and 1909.! 

Small plots and hand labour enabled farmers to mix several 
varieties of the same crop or other crops, thus ensuring security 
against climate variations, pests and other stresses. This also 
allowed them to get the maximum out of the given environmental 
conditions. Farmers chose crop types or varieties depending on 
soil depth, water holding capacity, structure, slope and drainage, 
and by observing their interactions oneach other. Low rainand low 
temperatures allowed one type to grow; low rain and high tem- 
peratures and sandy soil another type; low rainand high tempera- 
tures but with soil that held water, still another type. The limita- 
tions of the quantity and quality of houschold labour usually 
further determined the types of crops and the cropping patterns 
that the farmer used, 

Farmers still plant cropsaccording to their family and commu- 
nity needs, not to maximize income. It there is a difficulty in 
collecting fuel wood because the women are overworked or the 
forests enclosed, the farmer chooses a crop that has stalks that 
could be burned as fuel, like pigeon pea. Women prefer a cowpea 
variety which has better taste and which cooks fast but commercial 
breeders are only interested in high yields. Some vepotables, such 
as the wax gourd, are grown because they can be stored for over 
a year without getting spoiled. The dried gourds are used to carry 
and store small items including seeds for planting the next crop. 

In the interior of Kerala, a type of sorghum with a black or red 
husk is cultivated for food. This variety can be repeatedly ra- 
tooned. They also havea cowpea with more than 30seeds per pod; 
normal varieties have just 10 to 20 seeds# 
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This diversity still exists, though it is being rapidly eroded. 
Some of the most hardy grains, such as kodo millet, are fast 
disappearing. Ifdroughtconditions worsen, theseare precisely the 
crops on which we would have to depend. Besides, with climatic 
change, some of them at least will quickly adapt to new regimes. 
However, many such traditional varieties still thrive in most 
Adivasi areas,and thereisamove torevive theold varieties, where 
farmers are already seeing evidence of the impermanence of 
Westernized agriculture. 

When HYVs invade and occupy all cultivated lands in a 
particular area for a long enough time, displacing the indigenes 
completely, farmers lose the skills and knowledge required to 
grow the indigenes. Thereisa loss notonly of seed diversity but of 
why, when and how to plant each particular variety. 


Farmer Research: Selection of Varieties 

In spite of the evidence ofall the thousands of traditional crops and 
their varieties that have been developed over millennia by farmers, 
on their own land, selecting seeds, storing them, replanting them, 
and continuously improving on them, the seed and biotechnology 
industries claim that farmers cannot carry out research on crop 
improvements. Why farmers suddenly “lost” this ability a few 
decades ago remains unexplained. 

Farmers do not appear to be selecting now because they 
already have so many varieties. Though they may need higher 
yields, they have learnt that there are limits to yields if finer grain, 
jj0od flavour, and other qualities that only people who consume 
appreciate, are also required. 

In the north Konkan region, a variety called gini is grown 
which fetches the highest price locally. Farmers plant it even 
though it is more susceptible to a particular pest which attacks 
when there is too much rain. Whenattacked, the farmers donot use 
any pesticide, just let the pest take ils course. The pest naturally 
‘lisappears after a short time. They are, in effect, selecting, for pest 
resistance. 

Seed selection may be occurring normally. When farmers use 
 ranciom sample of the seeds from a given field for the next year, 
thoy are selecting for the multiple characteristics which will give 
the best yield under the very specific conditions of their fields, This 
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is because the plants with the highest yield and survivability will 
contribute a higher proportion to the random sample than the 
others. And the repeated collection of such samples over the years 
will automatically also give the highest yields possible for that 
particular ecoregion, even as those conditions change due to 
climatic variations or other environmental damage. 

There is much experimental selection, for instance, by farmers 
exchanging, borrowingor buying, seed from farmersin other areas 
who have obtained good yields in conditions similar to their own. 
But here, too, in addition to the conscious selection, the random 
selection process will beat work for characteristics other than those 
intentionally chosen. Grain banks which mix up seeds froma large 
number of farmers, destroy the selection for particular farmers’ 
fields, though they will be preserving it for the region, if conditions 
are fairly uniform. 

Some farmers have been known to select seed from plants 
which have the largest carheads, appear to be more healthy, have 
morctillers, and so on. But they may be inadvertently selecting for 
factors which add to insecurity. Their crops may become more 
susceptible to pests or moisture variability. 

It is, therefore, important to recognize the need for farm 
research to be restricted to farmers themselves. When centralized 
governmentinstitutions or even NGOs come into the picture, then 
the normal system is upset and the consequences are that unsus- 
tainable, highly insecure varietics may be recommended. Even 
worse than the products of centralized research are those of the 
commercial seed companies, who choose only for the “seed charac- 
teristic” of maximum profits for themsel ves. Moreover, the incen- 
tive tobe creativein developing these islostassoonas institutional 
“improvements” suchas HYVsareimposed. But then perhaps, the 
institutions and industries wish to “enclose” the creativity com- 
mons. 


Biodiversity 
‘The number of species of plants and animals which inhabit the 
world may be anywhere from 2 to 80 million. As many as one 
million of these will be exterminated worldwide during the next 
two decades, many of which could be vital to the sustainability of 
life on carthé 
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here are several types of agricultural diversity. The large 
diversity of ecological microregions in India require in turna large 
\liversity of crops. In each species of crop, there area large number 
of varieties that haye been developed. Within each crop variety 
(hore is multiple diversity in resistance to water and temperature 
sires, pests, and so on. Within each farmer's plot, thereare dozens 
af species of “weeds” and other plants, in hedges or in the fields 
themselves. There are innumerable species of micro-organisms, 
insects, and other smaller creatures, and dozens of larger mam- 
mals and birds, perhaps fishes. And there are species external to 
ihe field, on “wastelands”, roadsides, and in forests, but all 
connected to thatmicroregion, and affecting itsagriculture. Tradi- 
{ional systems ensured that habitats were available for all these 
creature 

Plants, fungi, microbes and arthropods account for the bulk of 
species in many ecological regions. In one area sampled the fungi 
alone added to about 4000 kg/ha, the arthropods about 1000 kg/ 
ha, while the mammals and birds contributed only 2 kg/ha and 
0.03 kg/ha biomass, respectively” 

Species diversity has been found to be positively correlated 
with the quantity of living and nonliving organic matter presentin 
Ihe ecosystem. In field tests in the former USSR, the species 
«liversity of macrofauna (mostly arthropods) increased 16% when 
organic manure was added to wheat plots, while in tests in 
yrassland in Japan, it more than doubled with manuring. In 
another example,a 100-fold increase in plantbiomass productivity 
yielded a ten-fold increase in bird diversity.® 


Each and every species plays roles within the ecosystem in 
which it exists, otherwise it would not exist. What is highly 
probableis thatany diminishing of this diversity by loss of evenone 
species, or even a sizeable reduction in the population of a species, 
can cause a short or long-term diminishment in the biomass 
productivity of the microsystem, and in its sustainability. 

The environment as it is today is the result of earlier life’s 
actons on the then existing environment. The climate has been 
keptin near equilibrium — for several million years until recently 

by the interactions between living creatures, the atmosphere © 
and oceans and other water sources, solar radiation, and minerals. 
ILis impossible to predict the effect that the enormous destruction 
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of life today will have on the future environment of the planet, but 
any change would almost surely make the system more 
unsustainable.’ 

‘The roles that animals and plants play in maintaining ecosys- 
tems may be fairly obvious, but insects could play essential roles, 
particularly in pollinating plants, with many crop and wild plants 
being absolutely dependent on them. They are also important in 
food chains of birds, fish and some mammals, but all their rolesin 
sustaining natural ecosystems are not fully understood. Micro- 
organisms recycle wastes, make the soil fit for growing plants, fix 
nitragen, make other nutrients available and again, probably play 
unknown roles. Birds and mammals are essential for the dispersal 
of some plant seeds. Parasites and predators are estimated to 
provide several times the services in insect control than synthetic 
pesticides do. Their su vival will be essential for sustainable 
agriculture. 

From the millions of plantspecies still surviving only about 30, 
having a production of more than 10 million tonnes per year, are 
being cultivated worldwide. Most of these belong to the grass and 
legume families and a majority are from the tropics. Such depend- 
ence on a few species, while normally satisfactory, becomes risky 
because of the increased vulnerability of food production systems 
to hazards arising from pest epidemics and climatic change, for 
instance. 

Traditional agriculture provided dozensof specieseach suited 
toproducea good yield with the given local environmental factors 
and renewable inputs available. Diversity reduced pest and dis- 
ease problems, and supplied renewable nutrients. Such diversity 
may be more important as and when the climate changes due to 
global warming, or when UV radiation due to the ozone hole 
causes susceptible plants to die off. Diverse ecosystems are stable 
tostresses and provideinsuranceagainst future natural or human- 
made factors. 

Forest and “waste” land biodiversity was required for the 
same reasons as crop diversity as well as for the provision of 
thou-sands of other products, all of them renewable. These will 
become of increasing importance as non-renewable resources are 
exhausted. They also contained the genes required for future 
natural evolution and the new species which were increasingly 
cultivated. 
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Plants and animals can now serve as indicators of the state 
of the environment. They are affected by all the pollutants and 
other factors operating on themand oftenintegrate theeffectsover 
long periods, unlike instrumental monitors which do only spot 
sampling. A large variety of biota in a given region indicates a 
healthy environment. The presence, vigour, and abundance of 
different species, varying in their environmental sensitivities, 
serve as inexpensive “meters” of changes in chemical or physical 
conditions.” Lichens and several other plants have been used as 
indicators of atmospheric pollution. Earthworms can indicate 
soil contamination by organochlorines. The plobal decline in frog 
and other amphibian populations is a pointer to the critical 
levels that pollution is reaching." Without viable and widespread 
populations of these species in fields and forests, we would be 
less able to detect potentially dangerous changes in the bio- 
uphere. 

Biodiversity is reduced by habitat degradation and destruc- 
tion, by industrial and agricultural pollution, introduced species 
which displace local ones, and many other forces. But these are all 
themselves the result of the developmental system and the values 
il promotes. 

While farmers have, over the centuries increased agricultural 
diversity, the introduction of HYVs and hybrids have reduced 
such diversity drastically. There were estimated to be 200,000 rice 
varieties earlier, there are less than 1000 rice HYVs today. A 
consequence of abandoning rainfed agriculture is the loss of 
yenelic diversity, as species which can withstand variations in 
1ainfall are replaced by a few provided with assured irrigation. A 
lurther reduction in species variability will now result from the 
introduction of varieties bred by genetic manipulation, cloning 

and tissue culture. 

lhe use of herbicides and pesticides reduces the diversity of 
plants and insects within and around farmers’ fields. If the chemi- 

cals pollute the surface water nearby, then the diversity of aquatic 
lile is also affected. 

The appropriation of traditional village-made products by 
Nigh technology” industries led to the neglect of the plants that 

previously supplied the raw materials, thus directly permitting a 
loss of biodiversity. 
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Conservation Today 

It is far from scientific to label any species as “unimportant” 
or “unnecessary”. All must be given equal importance, which 
can only be done when each plant and each species is valued for 
what it is, not for what it can give. Biodiversity needs to be 
protected unconditionally, since it is impossible to identify which 
particular species are critical to ecosystem sustainability, nor 
which species may be useful to humankind in future.” Species 
losses are of course irreversible, and could be one of the greatest 
threats to sustainability since many of the effects of such loss are 
simply unknown. 

Moreover, it cannot be assumed that no rare or important 
species existsin a damreservoir zone or ina forest to be clear felled, 
merely because the existence of any such species is unknown. Itis 
also urgent to act to maintain the existing biodiversity wherever 
possible and to provide suitable large habitats in as wide a 
geographical space as possible. Smali habitats with rare species in 
small numbers will almost certainly be wiped out. 

While traditionally, biodiversity has been preserved by farm- 
ersin their fields, itisnow claimed that there is no need to preserve 
natural, in situ, diversity since the seeds of threatened species are 
being kept in gene banks. However, itis useless, from the farmer's 
point of view, to store varieties in gene banks, since there isno way 
in which farmers can get their varieties back except through 
agribusiness and then, too, only when they have been patently 
modified. Moreover, even if they did manage to get their own 
seeds hack, they wonld have last the knowledge and skills of how 
tocultivate them, asisalready happening with traditional varieties 
displaced by HYVsand hybrids. On-farm conservation and eyolu- 
tionis, therefore, essential, The primary custodians of thecommon 
genetic heritage should be the farmers, not commercialized agen- 
cies. 

Moreover, on-farm varieties could adapt to plant pathogens 
that evolved as environmental conditions changed, but seeds in 
banks cannot. Wild crop relatives which have evolved pest resis- 
tance and other characteristics over centuries, were traditionally 
maintained in field borders that were allowed to run wild. Some 
species required grazing pressure to survive." 

Breeders are now imitating traditional farmers, using a more 
mixed breeding pool which is inter-crossed and continuously 
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mass-selected for resistance and other agronomic qualities, under 
more localized pathogen pressure.'* Crop improvement may as 
well be left to farmers themselves, where plants can evolve tomect 
the local stresses. 


While the Western system breeds unsustainability, traditional 
farmers breed sustainabili 


Chapter 12 


Plant Nutrients 


Plants require nutrients in order to grow, these nutrients being 
taken up from the soil through the roots. Without adequate 
nutrients at the time they are needed, plant growth suffers and 
yields fall. Of the many chemical elements required by plants, 
nitrogen, phosphorus, and potassium are needed in fairly large 
quantities, while boron, calcium, chlorine, cobalt, copper, iron, 
magnesium, manganese, molybdenum, sulphur and zine are re- 
quired in small amounts, but are nevertheless essential. 

Some nutrients are supplied by rain and irrigation water, by 
soil minerals and by micro-organisms living in the soil. Farmers 
traditionally supplemented these by recycling farm by-products 
and by rotating and intercropping plants, particularly legumes, 
which fixed atmospheric nitrogen with the help of symbiotic 
bacteria. Western farming gets most of its fertilizers from the 
mining of non-renewable sources, a practice which is, naturally, 
unsustainable. 

Asin every other traditional practice, the “manures” used by 
traditional farmers served several purposes. They acted as pesti- 
cides, nematicides, herbicides,and supplied organic matter which 
created a favourable physical regime in the soil. However, for 
simplicity the term “manure” will be retained. 

Some of the traditional proverbs illustrate the importance 
attributed to manuring. “As the rubbish heap rises, the ryot 
prospers.” “The foot of the sheep is as gold.” “One kind of soil is 
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manure to another.” “Relatives will not be as useful as manure. 


Organic Matter , 
While sufficientnutrients may beinitially present in virgin soil and 
water, all farming removes part of the soil fertility and exports it 
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asa harvest product. Nutrients are also lost from soil by leaching 
and soil erosion. Nitrate nitrogen is also lost by conversion to 
nitrogen gases (denitrification), while ammonia is lost by volatil- 
ization. 

Such losses were traditionally made up by recycling organic 
matter and bringing in nutrients from the pasture and forest 
commons, provided, naturally, that the commons were available 
to farmers and large enough to provide sufficient nutrients for 
sustainability. 

Organic matter in soil acts as a food source for soil micro- 
organisms which decompose leaf litter, root residues and other 
compounds or into the elements, which can be taken up by plants. 
‘The primary decomposers are bacteria and fungi, which break 
down sugars, polysaccharides, and proteins inorganicmatter,and 
also assimilate mineral nutrientssuchas nitrogen and phosphorus. 
When these micro-organisms die, they release mineral nutrients, 
such asammonium, nitrates, phosphatcs, and sulphates. Aconsid- 
erable amount of this mineralization occurs when various mem- 
bers of the soil fauna prey on dead bacteria and fungi. Most of the 
soil micro-organisms are found in the root zones (rhizosphere) of 
plants. Itis probable that synthetic pesticides used to control soil 
insects and plant pathogens destroy such beneficial soil organisms, 
too. 


For thousands of years, traditional farmers all over the world 
farmed sustainably, mainly by ensuring that their practices helped 
to reduce the loss of nutrients and returned to the soil as much as 
what was extracted from it. Many of these practices are still 
commonly used. 

A Parsi farmer in Surat wrote, in 1829, that blackgram could 
provide a good manure for sugarcane, removing the “exhaustion 
of the soil”. Urid was sown in the sugarcane field and ploughed in 
when the plant was about 30 cm tall? 

Today, the situation is different. The cultivated crops in India 
remove annually, on an average, 3 million tonnes of nitrogen, 
1.5 million tonnes of phosphorus oxide and 3.5 million tonnes of 
potash. The plant food returned to the soil through organic 
sources is just about 1.8 million tonnes of nitrogen, 0.60 million 
tonnes of phosphorus oxide and 1.8 million tonnes of potash Even 
allowing for the biological and other natural processes of nutrient 
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production, the balance appears tremendous. But more nutrients 
will be available as farmers switch back to traditional farming, 
using long-stemmed varieties, rotations with pulses, draught 
powerand soon. Itshould be noted thatglobally, thenitrogen fixed 
bya diverse group of soil bacteria is estimated at 140 million tonnes 
per year of which about 90 million tonnes are available for crops, 
while that addod by all the synthetic fertilizers used today is only 
40 million tonnes per year." 

The Chinese example shows what is possible. In 1976, they 
were applying, 23 million tonnes (in nutritional content) and 2000 
million tonnes in gross weight of organic fertilizers from draught 
animal manure (37%), pig manure (24%), nightsoil (19%), green 
manure (8%), compost (5%) and river and pond silt (7%). Other 
sources like duck and chicken droppings, and weeds were used, 
too!’ 


The most important characteristic of traditional agriculture 
was that there was little waste: no polluting dung mountains, no 
burning of straws, no wastes from polluting village industries. 
Almostall the nutrients that were harvested and exported —in the 
grain, the straw and any other crop residue — were returned to the 
microregion itself, directly or indirectly, sooner or later. Crop by- 
products, suchas paddy husk, wheat bhusa, sugarcane trash, were 
all returned to the soil. 

After the harvest, the roots remained in the soil, the straw 
and leaves were returned to the soil as mulch or manure; 
hardwood stems burnt as fuel and the ash used as manure. Some 
were returned when straws or leaves were consumed by live- 
stock and the animal dung used as manure. In addition to 
contributing nutrients and organic matter, crop residues left on 
the land also protected the soil from erosion and rapid water 
runoff. Part of what was consumed by humans in the locality also 
went back to the soil as manure. In addition, insects and other 
creatures helped speed up recycling. Insects chewed offleavesand 
their droppings served as fertilizer, or the insects and fruits were 
eaten by birds and other creatures, and their droppings became 
fertilizer. Leaves or whole plants died offand fell to thegroundand 
rotted, 

The recycling was continuous and local and enabled a large 
diversity of plants and animals to be supported by a particular 
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quantity of nutrients, passing through multiple food chains. Produc- 
tivity was increased by recycling nutrients faster. It was not the soil 
nutrients that were often limiting production, but the rate of 
recycling of nutrients. 

The by-products of village industries such as oilcakes from oil 
mills and indigo waste, were returned to fields. Oilcakes, tradi- 
tionally used on a large scale, were a rich source of nutrients, 
providing all the main requirements, and served other diverse 
purposes, too. Oileakes that were edible by cattle served as feed 
before being returned to thesoilas dung, while those that were not, 
were directly incorporated into the soil. 

Neem cake, for instance, has 5% nitrogen, 2% phosphate, and 
10% potash? Neem cake also protected crops from soil pathogens 
and its chemicals were absorbed by the plants to serve as systemic 
insecticides. Another cake that was also insecticidal was that of 
karanj, though it was poorer in nitrogen content than most of the 
others. Sugarcane was found to ripen earlier when castor cake was 
used as a manure. Castor cake was also beneficial against white 
ants. Safflower cake from ghanis was preferred to that from mills, 
as the latter was found to be slower in action. Safflower cake 
seemed to increase sugarcane production, not explicable by its 
nitrogen content alone® 

When oil wasextracted in small village ghanis (bullock-driven 
oil mills), oilcakes used to be easily available where oilseeds were 
grown. But now the oilseeds are sent to large cities for the 
extraction of oil, the argument being that large “modern” oil mills 
are more efficient in extracting oil than ghanis. But the oilcakes 
have to be transported back to the village, increasing costs to 
farmers. Worse, much is being exported to earn foreign exchange. 
Exports of deoiled meals during 1992-93 was about 3.4 million 
tonnes.’ Synthetic fertilizersare being imported for their nutrients, 
while we export nutrients in oilcakes, together with a huge quan- 
tity of organic matter. The export of oilcakes is equivalent to the 
exportof soil fertility and if exports continue ona massive scale, the 
agricultural productivity of the whole country must decline. The 
money value ofcommodities expresses only part of their worth; the 
most precious part being suppressed in conventional economic 
accounting systems. 

Exported to Europe, for instance, the oilcakes are fed to cows, 
whose much-acclaimed productivity is dependent on such 
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imports. And the West kindly gives us milk powder as “aid” to 
feed the undernourished children and mothers in the villagers 
who have been deprived of their living. Part of that aid has 
been used to promote and finance Operation Flood, which 
further absorbs oilcakes for the production of milk for the 
affluent. 

On the other hand, if the price of the oilcakes was not deter- 
mined by the world market, but was within the reach of local 
farmers, not only would more farmyard manure (FYM) be avail- 
able, but more draught power and milk, too. But to do this, the 
village ghanis need to be revived first. Many of the oilseeds in the 
commons are not even being collected for there is not sufficient 
demand from the urban oilmills for them. They would all be used 
if village ghanis were still in operation, giving substantial income 
to villagers. 

However, since all the crop’s yield could never be returned 
to the local fields, some additional nutrient inputs were required 
to take care of the loss. These were obtained from the farm itself 
or from its neighbouring, environment. They came as leaves 
and branches of herbs, shrubs and trees from forests, pasture 
commons and roadsides. Some of these materials were directly 
inserted in the soil, others were burnt with the ash providing 
potash in particular. 

Plant materials, including above-ground litter and roots, can 
beclassified in terms of nitrogen and lignin content, Nitrogen-rich 
residues decay quickly, whereas woody residues decay more 
slowly.So, both typesare needed to takecare ofshortand long term 
needs — just as nature provides.” 

A farmer in Maharashtra, who earlier used to transport 
cowdung to his farm from Bombay about 100 km away, now 
collects the trash from his village and leaves it in heaps in his 
orchard. During the monsoon, earthworms and other creatures 
soon turn it into good manure." 

Composting isa process that artificially speeds up the natural 
nutrient recycling process, producing assimilable nutrients in a 
few weeks. Composting, however, requires water in the dry 
season. Cultures of fungi can be used to speed up composting, but 
like otherintroductions, they may upset natural balancesof micro- 
organism populations. Vegetables can be grown directly on 
compost heaps, thus saving water and labour. 
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Mulches have the advantages of supporting a wider range of 
soil organisms, of keeping, the soil cool, preventing evaporation 
and erosion and saving labour. Often mulching does not involve 
more thanallowing the leaf fall to stay where it drops. They canalso 
restoredegraded land and control weeds like nut grass, doob grass 
(Bermuda grass), spear grass (ulu) and others. 

Live mulching — covering the exposed soil with living plants 

serves similar purposes. Common species for live mulches 
which grow fastare lablab, cowitch (kuhili), jackbean and swordbean 
(abai) and vidarikand, among many others, Lablab and jackbean 
are drought-resistantand hardy, while lablabisshade tolerantand 
is preferred by cattle to cowitch or jackbean. The leaves of sugar- 
cane were spread on the ginger beds to act as manure.” Anexotic 
species, centro, has eliminated the need for irrigation in orchards 
inPondicherry even though therainfall is only about 75 cma year."* 
Live mulches can also be used in a crop rotation system which 
enriches the soil as well as protects it. 

In one case, the unripe fruits of a breadfruit tree kept on 
dropping until leaves and other sweepings were spread around it 
on the soil surface. When this was stopped, the fruits again 
dropped unripe. 


Unfortunately some of the “wastes” are being transferred into 
the cash economy. Rice husks, for instance, are now being used as 
fuel in domestic stoves and brick kilns, Paddy straw is used by 
paper mills and other crop stalks for making hardboards. The 
availability of organic material is reduced when forests are en- 
closed or cut down and “waste” lands expropriated for social 
forestry. 


Farmyard manure formed an important component of tradi- 
tional farming. Cowdung was collected not only from farms but 
also from roads, “waste” lands and other commons. Good quality 
cow manure typically contains about 0.6% nitrogen, 0.1% phos- 
phorus and 0.5% potassium (fresh weight basis). It also has fungi- 
cides and perhaps other antibiotic components. In addition, the 
dung of sheep, goats, poultry and other animals was used, 

Sheep and cattle folding was also common. It was estimated 
that 100 sheep were required tobe folded for one monthto give the 
equivalent of about 25 cartloads of FYM." 
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With the enclosure of the forests by the British, fuel was 
no longer available free. Those farmers who were too poor to buy 
fuel wood, were forced to use cowdung and even the stubbles 
from the fields for fuel, reducing the fertility of their fields, 
increasing erosion, and effectively being impoverished further." In 
the whole of India today, an average of about 70% of the cowdung, 
is used as manure, with the rest used as fuel and 2% used for other 
purpose! 

A reduction in cowdung currently used as domestic fuel could 
come about by the restoration of the forest commons and by 
allowing, farmers and other villagers to use them sustainably. A 
restoration of the pasture commons would provide better food for 
cattle and hence more manure. The use of biogas plants allows for 
the provision of both fuel and fertilizer, but they are only being 
used by rich farmers with at least four head of cattle. Much of the 
dung that was formerly available to smaller farmers for manure is 
now, therefore, being appropriated by such biogas plant owners. 
The connection of toilets to the gas plant could substantially 
increase the useof human excreta for manure, while providing fuel 
and improving sanitation. Though biogas plants may not be 
economical for small farmers solely as fuel producers, their com- 
bined use should make them “profitable” — if that is seen as a 
necessary concern — by increased manure availability and lower 
health costs. Community plants are being built, though many of 
those so far constructed have run into social problems. 

Much cowdung is at present being, totally wasted —not even 
used as fuel —in cities where dairies are concentrated. The cost of 
transporting the wet dung back to theruralareasissimply too high 
while there is little space to dry it out for fuel use by city dwellers. 
A first step would be to move the cattle back to villages. 

Itis often recommended thatstall feeding should be practiced 
since it provides more manure for the farmer. However, ithas been 
reported that cattle browsing on field stubbles add considerable 
nitrogen to the soil through urine in addition to dung, and stall 
feeding hasother problems, too, which are discussed in thechapter 
on Animal Husbandry. 

There already is a great shortage of FYM and the shortage 
will increase as more farmers go back to sustainable farming, In 
regionsin Maharashtra where sugarcane cultivatorshavegivenup 
synthetic fertilizers because of soil damage, and grape farmers 
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have doneso inorder toexport “organic” grapes, the high demand 
for FYM has drained cattle dung and other essential organic 
manures froma large surrounding area. The result is that the dry 
areas lose the essential organic matter required to retain soil 
moisture and crops suffer still more.” Small farmers are being 
deprived of free manure since rich farmers are prepared to pay 
high prices for it. Cowdung also has competing uses in addition to 
manure and fuel, 

It is evident that alterations in cropping patterns will need to 
be made, with priority to food and other basic necessities, merely, 
because of the limitations of nutrients available, at least until 
traditional integrated systems are restored. In 1913, sugarcane 
growers using canal irrigation in the Deccan area, applied 30 to 60 
cartloads of FYM and supplemented this with a top-dressing of 2 
to 3 tons (non-metric) of castor cake or fish (probably per acre) 
Such needs evidently mean that sugar exports will need to be 
curtailed and even local consumption reduced, 

Much manure is available in some areas from poultry farms 
and though as much as possible of it should be used, intensive 
chicken farms themselves are not sustainable. 

Considering the value of organic fertilizers, itis astonishing to 
find proposals being made to burn the approximately 1009 million 
tonnes of sheep, goat and cattle dung (wet), being produced 
annually, in power generation plants as fuel.” Part of the energy 
produced will, no doubt, be used to fix atmospheric nitrogen as 
synthetic fertilizer to replace what was in the organic material. 

Other animal wastes were also used, fish refuse being a 
common item. When finger millet seed was dibbled in, a small fish 
was included as fertilizer. Much fish waste was used for coconut 
trees, with prawn waste being preferred, 

There are also other creatures in the soil, such as earthworms, 
which increase the soluble nitrogen and the available minerals in 
the soil. Part of this comes from the decomposition of the earth- 
worms themselves.” 


If thereplenishment of nutrients is incomplete, then the yields 
will drop, though they may stabilize ata lowerlevel, dependingon 
the quantity of organic matter that is harvested and exported. 
Present day low yields of traditional crops could possibly be due 
to the enclosure of the commons. 
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The potential for organic manures today in India is large. The 
five major crops— paddy, sorghum, wheat, pearl millet and maize 
—alone are estimated to yield approximately 140 million tonnes 
of straw, and the legumes another 10 million tonnes. The nutrient 
potential of cereal straw and residues is 0.7 million tonne of 
nitrogen (0.5%), 0.64 million tonneof phosphorus pentoxide (0.6%) 
and 2.1 million tonnes of potash (1.5%) 2! 


“Green Manures” 

As mentioned earlier, the use of the term “green manure” is 
misleading, since many of the c-ops apparently used for fertili- 
zation provided organic matter, helped tocontrol weeds, pestsand 
soil erosion, and provided food, fodder, fibres, medicines and 
other products. Itis for this reason that such a wide range of plants 
have traditionally been usedas green manures. However, for want 
of a more suitable one, the term will be retained here. 

Green manuring has had a long history of sustainable use, 
being an inexpensive source of building up of soil organic content 
and supplementing nutrients, especially nitrogen. 

Randhawa writes “A notable fact about the canal colonies of 
the Punjab was that wheat was grown year after year without 
manure, apparently without producing any diminution in the 
fertility of the soil. Judging from the dark green colour of the leaves 
and the general vegetative vigour of the crop, no nitrogenous 
manures seemed to be necessary”. The reason seemed to be the 
leguminous weeds which thrived so luxuriantly as a bottom 
growth in fields. Three of the most abundant were the yellow- 
flowered sour clover (senji), the white-flowered sweet clover 
(safed senji), and toothed medick (maina). These three plants also 
grew on the banks of the water channels, and their seed was very 
probably distributed by the irrigation water. In the wheat fields 
their seeds ripened and the plants dried up by early April before 
the wheat was cut and thus gave no trouble at harvest time? 

In 1889, Voelcker noted that the practice of green-manuring 
was widely practised. Sann was the most common crop ploughed 
in, with indigo, mustard and sesbania species also widespread. 

The green manure crops were either intercropped or used in 
rotations. They were grown for their own specific yields as in the 
case of pulses, or solely for incorporation into the soil. 
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Many, but not all, of the green manure crops were legumes, 
which, in symbiotic relationships with microbes, fix atmospheric 
nitrogen into nitrogen compounds available for plant nutrition. 
L.cpuminous nitrogenis consistently released throughout the grow- 
ingseason when temperaturesare high enough topermitmicrobial 
decomposition. Without any additional nitrogen fertilizers, legu- 
minous nitrogen can support high grain yields.” 

Perennial trees, also mainly nitrogen-fixing leguminous ones, 
were, and are, commonly grown in crop fields, in pastures and 
along roadsides. They have several advantages over nitropen- 
fixing annuals. They leave the field free for other crops, and are 
often active throughout the year which increases total manure 
productivity. Their root systems absorb nutrients from deep in the 
earth, not only reducing competition with shallow-rooted crops, 
but also providing them nutrients through leaf fall. They offer 
protection against erosion and provide other benefits suchas fruit, 
fuel, fodder and construction wood. 


Among the perennials commonly used were babul and pigeon 
pea grown as a perennial. Mahua was planted (8 trees per acre) in 
paddy fields so that the droppings of birds and fruit bats would 
provide fertilizer Gliricidia is widely planted on paddy field 
bunds and regularly lopped for manure. 

Inarid areas the trees chosen were deep-rooted. Khejri (Indian 
mesquite) roots, for instance, godown 20m or more, with nodules 
formingdeep in soil, where theyare less likely to suffer from either 
desiccation or heat stress.” Khejri also contributed to high nitrate 
levels in upper layers of soil asa result of mineralization of their 
litter. 

However, the trees in the fields are now being cut down partly 
due to the use of tractors which require the removal of such 
“obstructions”. 


Nitrogen-fixing Micro-organisms 
Large quantities of atmospheric nitrogen are fixed by specialized 
microbes which convert atmospheric nitrogen to ammonia. 

‘As mentioned earlier, globally, synthetic nitrogen provides 
less than half the nitrogen produced by a diverse group of soil 
bacteria. The contribution of the latter must be proportionally 
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much more in India where comparatively very little synthetic 
fertilizer is used. 

Although traditional farmers could not see the micro-organ- 
isms, their practices ensured that these were unharmed and even 
nurtured. Nitrogen-fixing legumes were ancssential partof practi- 
cally every rotation and of many intercrops, as mentioned earlier. 
Pulses, all ni trogen-fixing legumes, arenow grownoveraboutone- 
seventh of the cultivated area of India. Used in crop rotations and 
intercropping they canbeextended tohelp maintain soil fertility as 
wellas supply the major part of the population’s protein require- 
ments. 

Processes do not necessarily have to be understood in order to 
be used, but a short description of what the organisms are doing, 
may help in understanding, their importance. 

Some bacteria, the rhizobia, enter into symbiotic relationships 
with plants, providing nitrogen tothe plantson which they liveand 
absorbing other nutrients from the plants in return. Others, suchas 
the cyanobacteria (blue-green algac, BGA), combine nitrogen fixa- 
tion with photosynthesis. The soil bacteria Azotobacter, Azospiril- 
lum and Klebsiella, use organic material in the soil for their 
sustenance. The latter can supply nitrogen to non-legumes, too. 

Rhizobia, the most important nitrogen-fixing bacteria, enter 
intothe roots—rarelyon the stems — of certain host plants (mainly 
legumes) and form nodules. Mung can be symbiotic with a variety 
of rhizobia species and hence nodulatescasily, though with differ- 
ing effectiveness. However, notall leguminous plants have symbi- 
otic rhizobia; most of the Cassias do not. On the other hand, some 
genera of dicotyledonous plants, for instance Casuarina (suru), 
form root nodules with a filamentous bacterium (actinomycete), 
Frankia. The quantity of nitrogen fixed by rhizobia ranges from50 
to 300 kilograms per hectare under optimum conditions. 

Legumes can eithermake nodules to fix nitrogen or make roots 
to take up soil nitrogen. The former requires greater investment of 
plant energy because nodules havea higher contentof nitrogen (4- 
7%) than roots (1-3%). Second, if root tissue is made instead of 
nodule tissue, not only can soil nitrogen be acquired, but also all 
other nutrientsand water. Legumes, therefore, makenodules only 
when soil nitrogen is insufficient.” 

Any stress acting on the complex processes of the symbiosis 
results in reduced nitrogen fixation. Low phosphorusayailability, 


Plant Nutrients 207 


ilinity, droughtand acidity can directly affect rhizobia in the soil 

or at infection sites on plant roots. These same stresses also may 
affect rool growth, susceptibility of infection sites and plant pho- 
tosynthetic capacity which reduces the energy available to the 
ress may also comein the formof other microorganisms 
competing for resources on the root surface and competing for 
fection sites at the expense of selected, highly efficient strains. 
Even synthetic nitrogen fertilizer may be considered a stress upon 
symbiosis since the legume’s energy expenditure will be less2* 
Providing legumes with synthetic nitrogen may then defeat the 
purpose of cuitivating these nitrogen fixers. The use of synthetic 
pesticides may also destroy these organisms or reduce their effi- 
cacy 

Another possible source of severe stress is the ozone hole. 
Cyanobacteriaare extremely sensitive,even to current levels of UV 
radiation. Since the nitrogen fixed by these micro-organisms alone 
amounts to 35 million tonnes, which is nearly equal to the amount 
of synthetic nitrogen fertilizer produced annually, any damage to 
them couild reduce yields substantially > 

If nitrogen-fixing plants are harvested (by animal browsing, 
for green manure, food or any other reason), the plants no longer 
need all the nitrogen thatis provided by the nodules, some of the 
nodules then degenerate and release nitrogen into the soil which 
then becomes available to other plants. Regular harvesting and 
browsing thusresults in more nitrogen being fixed per unitarea of 
land thanif the same plants werenot grazed onor harvested.” This 
results in nitrogen remaining in the soil for the following crop. 

Cyanobacteria are common in soils, providing the main nitro- 
yen contribution in flooded rice fields. The naturally occurring, 
alyae can be supplemented by application of commercial BGA at 
therateofaround 10 kg per ha,aweekafter transplanting. BGA can 
contribute about 20 to 30 kg of nitrogen per hectare per season. 


nodu 


A BGA, Nostoc flagelliforme can survive drought for two 
years in hot, arid areas and yet on rewetting it takes up water very 
rapidly. [tis thusable torecommence nitrogen fixation during brief 
rainy periods. Ina water limited environment they could make a 
significant contribution. 

Lichens may, butdonotalways, contain cyanobacteria. Nitro- 
xen fixing lichens are found on forest floors, at the tops of tall trees, 
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on the surfaces of rocks and on soils, including those of deserts. 
Many lichens can withstand severe desiccation. On re-watering 
they may lose nitrogen compounds 

Azospirilla can enter plant roots of non-legumes such as 
cereals, and can fix nitrogen, though it is not known whether this 
nitrogen passes to the host immediately after fixation, or only after 
the death and breakdown of the bacterial cells. It is also possible 
that the bacteria directly stimulate plant growth as a result of 
hormone production. Azospirilla have been found to occurin the 
rootsof maize, sorghum,rice, wheatand other. grasses. Azospirilla 
and Azotobacter have been found to increase the yields of sugar- 
cane.» The low enezgy requirements, easy establishment on plant 
rootsand tolerance tohigh soil temperature exhibited by Azospirilla 
make it a good bacterial fertilizer for cereal crops under tropical 
conditions.* However, Azotobacter, Azospirillaand Klebsiellaare 
modest nitrogen fixers since almost all the nitrogen they accumu- 
late is assimilated.” 

Agricultural scientists are still far from knowingall the micro- 
organisms that live in soil and what they do. Inoculating soil with 
the fungus Trichoderma stimulated plants to grow and to flower 
—butno one knows how it does this. Such ignorance exposes the 
need for caution in introducing new organisms into a balanced 
micro-ecological system, or destroying those that naturally exist 
there. 

Much effortis being expended in promoting specific rhizobial 
cultures and other biofertilizers as a means to replace synthetic 
fertilizers. Just as a few hybrid and high input varicties displaced 
and displace a multitude of traditional varieties, so now 
rhizobia cultures are displacing an unknown multitude of soil 
organisms. The results can be predicted to be as disastrous since it 
is highly probable that the normal flora serve other unknown 
purposes. 

Moreover, for an introduced strain to be effective, it should 
produce nitrogen-fixing nodules over a wide range of soil condi- 
tions and be competitive in nodule formation and subsequent 
nitrogen fixation with local strains already present and biologically 
adjusted in the soil. The host plant, in fact, deter-mines when and 
even which strains infect the root, the extent of nodulationand the 
potential for nitrogen fixation. Moreover, legumes vary consider- 
ably in their ability to fix nitrogen. Thus, selecting for high yields 
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may well reduce theirability to fixnitrogen. The field performance 
of thescimproved strains has often, therefore, been disappointing. 
Further, common ambient temperatures of more than 35 degree c 
and dry weather conditionsare highly detrimental to rhizobia and 
drastically reduce their population ata rapid rate." Figures given 
for improved yields under careful test conditions may not be 
reproducible in a farmer's field. ‘ , 

‘The commercialization of nitrogen-fixing micro-organisms 
has not been very successful. Although simple inoculations were 
successful in controlled situations, inmore complex situations they 
were, generally, ineffective. This was so when used merely as 
substitutes for synthetic fertilizers. They need to be integrated into 
a whole system, partly because it is now being understood that 
“roots are complex organisms (that is, root and rhizosphere mi- 
crobes) as opposed to a disparate collection of various plant and 
soil components”. But, instead ofreturning to natural conditions, 
which these findings imply, the West is now attempting “root 
engineering”. 

For sustainability, it would probably be simpler and better to 
ensure that external factors do not destroy the already existing, 
microflora. 


There may be many more species of free-living and symbiotic 
micro-organisms that help plants grow and keep them healthy. 


Phosphorus and Potash ; ’ 
Phosphorus and potash are also required by plants, in addition to 
nitrogen. J ‘ 

Fish and animal bones provided a considerable quantity of 
phosphorus for fertilizing the soil. A hundred years ago, Watt 
noted: “If this (the export of bones) continues for many years, the 
result may be anticipated of a serious diminution in the already 
small proportion of phosphates in Indian soil”. Unfortunately, 
that export has continued to this day. 

Although soils may contain a substantial amount of phospho- 
rus, it is usually in a form that is insoluble in water.It is only the 
amount of phosphorus in solution in soil water which determines 
the availability of phosphorus for plants, Organic manures and 
wastes provide some phosphorus. 
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There are symbiotic relationships between plants and fungi, 
called vesicular arbuscular mycorrhizal (VAM) fungi, that live 
intimately with the root. These mycorrhizal fungi abound in 
tropical rainforests. In forest and fruit trees, the most important 
associations are with ectomycorrhiza, in which the fungus forms 
a dense sheath of threads outside and around the root, with some 
threads penetrating between the cortical cells of the root. Sal trees, 
for instance, have mainly ectomycorrhiza. Most trees and plants 
that are important to agriculture, with the exception of cabbages 
and their relatives, form another type of association with 
endomycorrhiza, in which the fungi penetrate the cellsof theroot.® 

Mycorrhizae help plants take up soil phosphorus. The fungus 
explores the soil beyond the surface of the root, absorbing phos- 
phorus as itextends its threads and transporting it back to the root 
and so to the plant. The mycorrhizae also promote the uptake of 
other essential elements such as zinc, copper, manganese, calcium 
and nitrogen. The role of mycorrhizae in plant nutrition is, there- 
fore, to enable plants to better utilize less available forms of these 
nutrients. The mycorthizae produce growth substances forthe use 
of the host plants. Mycorrhizae also promote the uptake of water, 
increasing the resistance of the host plants to waler stress, which 
could be critical in arid regions. But, as with legumes, the benefits 
are offset to some extent by a cost: the plant loses energy to the 
fungus. 

Experimental evidence shows that the beneficial effect is more 
pronounced when fruit crops are grown under conditions of low 
soil fertility. Under such situations, the mycorrhizae help to mobi- 
lize the available nutricnts in marginal soils and produce a signifi- 
cant effect as compared with plants grown in naturally fertile 
soils.“ A significantincrease in the uptakcof nitrogen, phosphorus, 
Potassium, zinc, manganese and iron was observed in groundnut 
and sesame plants. 

There are other phosphate solubilizers like Bacillus, Pseudomo- 
nas, Aspergillus, and Penicillium species. 

VAM fungi also improve the performance of nitrogen-fixing 
bacteria. Inoculation with Azotobacter or phosphorus solubilizing 
bacteria in addition toa VAM. fungus resulted ina synergistic host 
response. The production of phytohormones or growth regulators 
by these microbes might have had a greater effect on plant growth 
than the small increases in nitrogen and phosphorus availability.” 
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Weathering of minerals supplied many soils in subhumid or 
arid regions with adequate levels of available potassium.® 

Most of the additional potassium required was traditionally 
obtained from the ashes of plants, with several plants formerly 
specifically called “potash plants”. Among them, the wild gunjand 
ayadha plants. Arecanuthusks, shells and leaves, bamboos, palmyra 
(tad) leaves specially for paddy, flame-of-the-forestleaves,amaltas 
(bawa, Indian laburnum), Indian coral tree (pangara), thor (milk 
hedge) grownasa hedge, sehund (milk bush) preferred for paddy, 
sunflower (suryaphul) stalks, kurchi (kuda) wood ash, and water 
lettuce (gondala). The contribution of potassium from decompos- 
ing, and burned rice straw was also substantial. 

Most of the potassium ingested by animals passes through the 
intestinal and urinary tracts. If all of the manure is applied to the 
«il, litle additional potassium would be required. Leaching of 
exposed manure by rain can cause large losses of potassium, and 
this must be avoided to make recycling fully effective.” 


False Solutions 

In the early days, biotechnologists boasted that they would be able 
toalter plantsso thatany plant could produce its own nitrogenand 
there would be no need for synthetic fertilizers. Butnothing like it 
has been achieved or is even on the horizon today. Ree 

Sewage sludges in towns and cities could be useful as fertiliz- 
crs since they contain considerable quantities of nitrogen and 
phosphorus, though only small amounts of potassium. Most ofthe 
sewage is presently dumped — often untreated — into riversand 
instead of being recycled as manure. As more people move to 
cities, less fertility is recycled, production in rural areas drops, 
driving more people to the city in a vicious feedback system. 
However, mosturban sewage issocontaminated by industrialand 
domestic toxins, particularly heavy metals, as to be unusable for 
manure. 

Companies are now advertising the sale of “hi-tech organic 
manures”, using “earthworm secretions, plant sap, bacteria, 
neem and humus extracts to improve the soil’s fertility. 
Followingnature’s way ...”.** Butcommercialization is notnature’s 
way, and such manures will not serve the purpose of sustainable 
agriculture. 
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Transition 

Many farms are being abandoned today because the use of syn- 
thetic fertilizer has ruined the soil or because its costis too high. In 
order to stop further deterioration, all possible organic nutrients 
available need to be used. 

Traditional farming, however, did not see “fertilization” asa 
separate objective. Nutrient supply was integrated, not only into 
the cropping system as a whole, but also into livestock mainte- 
nance, village industry and the commons. 

The fertilizer industry now provides the biosphere with just 
30% of its new nitrogen.” It should not, therefore, be difficult to 
find ways of doing without it. 

The export of crop and forest products from a microregion on 
alargescale,isan export of nutrients. Thisis why distantconsump- 
tion can never be sustainable. Such export as well as the import of 
inputs increases dependency and usually requires the use of 
unsustainable transport. 

The amount of organic matter that can be used as manure is 
limited by that produced on all the land available. Dung merely 
puts it in a more concentrated or accessible form. There may be 
limits on the number of micro-organisms that can work per cubic 
centimetre of soil, perhaps because of nitrogen and oxygen diffu- 
sion rates. There may be a limit on the water circulating capacity. 
There may be limits on the sustainable fertility of the soil and, 
therefore, to what can be produced sustainably. Nutrients should 
not be squandered on non-essential agricultural production. 


Chapter 13 


Crop Protection 


A number of effective traditional practices still control pests. Pest- 
resistant varieties were used where available. Good farm hus- 
bandry with adequate organic manuring, kept the soil microbial 
activity high and the plants healthy. Rotations, intercropping, 
protecting predators and so on, controlled harmful insects. These 
were often based on an understanding of the environment, of the 
climate and of astronomy. 

Farmers selected crops which were resistant to pests even 
though possibly, in the short run they would yield less. Such 
selection was, perhaps unconsciously, done by not attempting to 
control pestattacks. Only those individual plants mostresistant to 
theattack would then survive to be used the nextseason. Each such 
variety was selected or evolved with many resistance genes which 
an insect needed to match in order to be able to attack it. This was 
rarely possible. 

There are many instances where wise Western agricultural 
scientists have written about ignorant Indian farmers doing noth- 
ing tocontrol pests in their fields, because they believed that pest 
damage wasa scourge of god. But in every case, selection for pest- 
resistance was being carried out, consciously or not. An example 
of such selection of rice is given in the chapter on The Genetic 
Heritage. Muchoftheneed for pesticidescan beavoided simply by 
going, back to traditional pest-resistant varieties — where they 
have not yet been lost. 

Numerous practices also showed that farmers recognized 
various insects as causing particular damage, and used specific 
methods of controlling them. A paper published in 1910, stated 
that 


“(Farmers) could and did recognize the various insect 
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pests such as Cheleka, Thuri, Keokate Nagina and some 
othersidentified as belonging to the Bug order[Hemiptera 
(sic) |; they did realize their innumerable injurious effects 
on the standing crops and they had actually found out 
remedies for them by careful investigation. They had 
experience that these pests could be got rid of by stagnat- 
ing water on the rice ficld for a day and then letting it off, 
by making the birds sit on the branches of bamboos and 
other plants fixed on the ground and thus allowing them 
to pick up these insects; and by allowing water charged 
with the sap and juice of Kachoo and Bihlangani, etc. — 
plants of the fern order — to pass through the standing 
crops. They were also convinced that a solution of Tutia 
(copper sulphate) and water, or that of buffalo dung and 
urine diluted in water or that of ash and water would 
produce the desired effect. Possibly they were aware of the 
history of the life-cycle of butterflies and moths —the four 
stages — the egg, the caterpillar, the pupa and the imago 
and hence their practice of killing them when in the winged 
condition. Theyalso did notlosesight of those of nocturnal 
habits — the beetles and some others. The enjoinment on 
the people of fixing lights in the open air by night in the 
month of Kartik (October/November) and the observance 
of the Dewali on the amavasya (new moon) night of the 
same month fully testify to the superior knowledge and 
experience of our past philosophers when we find that the 
insect beats itself out.’ 


Farmers had an intimate knowledge of many of the insects, 
both harmful and beneficial and other creatures which interacted 
with them. They had an understanding of the life cycles of insects 
with their dependence on therains, temperatureor even the phases 
of the moon. Crops are more susceptible to insect attack at certain 
stages of their growth, particularly at the seedling stage. Farmers 
shifted sowing times with respect to the phases of the moon to 
protect crops during such vulnerable stages. Dependence on the 
monsoon required that farmers plant at the same time over a wide 
area, thereby depriving pests of hosts throughout the year, Irriga- 
tion made cultivation independent of the rains, thus increasing 
pests. 
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Noeffort was made to destroy all harmful insect species, only 
to reduce their numbers to levels where their damage was toler- 
able, This allowed the insects’ predators to survive. Field bunds, 
hedges and surroundings were often left to run wild, providing 
shelter, nesting sites and round-the-year food required by preda- 
tors. Catch plants, which insects preferred to the crops, also grew 
on them, Pastures and forests helped in this, too. The degradation 
of forests has led to insects, which lived off wild plant species, 
moving to neighbouring fields and attacking crops. 

While insects usually feed on a few types of plants, the 
predators can feed on a large variety of insects. So the absence of 
urge stands of monocrops gave the predators an advantage. 

Crop rotation prevented pests dependent on one type of crop 
{rom surviving year after year, since this disrupted theirreproduc- 
live cycles, habitats, and food supplies. Farmers rotated host and 
non-host plants to reduce pest populations. 

Two species of root-knot nematodes, Meloidogyne javanica 
and M. incognita are widespread in India, causing severe losses to 
\umerous crops. It has been found that traditional crop rotations 
with cereals, guar, onions, garlic and others, reduced nematode 
populations. The reniform nematode (Rotylenchulus reniformis), 
lacks almost all pulse crops. Its population was also reduced by 
rolation with crops like chillies, rice, sorghum, sugarcane, mus- 
lard, sesame and others. Chillies, for instance, reduced popula- 
tions by 80%? Recent research has shown that the aqueous extract 
of garlic suppressed the hatching of Meloidogyne incognita eggs.’ 

Intercropping made it more difficult for pests to locate their 
hostplants, and increased natural enemy populations compared to 
monocultures. The cultivation of numerous species of plants in 
nearly every region, served similar purposes. 

Different crops acted as physical barriers to the movement of 
pathogens and pests, trapped pests and disease carriers, and 
increased the distance between susceptible plants.‘ Plants on 
which they did not feed deterred their movements, disrupted 
{eccling and inhibited reproduction. Plants produce many volatile 
compounds, paddy has more than 40, which differ with variety, 
some of which have been correlated with pest resistance. Volatiles 
attracted or repelled pests, since insects were confused by them. 

Mixing several varieties of the same crop with differing pest 
resistance, reduced pest damage, since each varictal plant grew 
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further from infected plants of the same variety, and was shielded 
byits resistant neighbours of the other varieties, the spread of, say, 
fungal spores was inhibited. While this may yield less than what 
would be produced from a single high-yielding variety, the blend 
had a higher yield over the long haul. 

Indigo, which was intercropped with cotton in Kxandesh has 
been found to have nematicidal properties. The plant has also been 
found to contain rotenoids which are powerful pesticides. 

Growing a few rows of chrysanthemum, which repels several 
insects around a crop, was traditionally practised. Farmers today 
plant lantana on the boundary of their fields because the plantisa 
natural pest controller? 

Farmers used trap crops to lure pests to where they could 
subsequently be destroyed. Pestssuchascaterpillarsof the diamond- 
back moth, leaf-webbers and aphids prefer mustard to cabbage 
and other vegetables. [t has now been suggested that two rows of 
mustard should be grown between every nine rows of cabbage. In 
one of the two rows, mustard should be sown 15 days before 
cabbage is planted, in the second, mustard should be planted 35 
days after cabbage.* 

Agrochemical firms have recently started selling seeds coated 
with pesticides and fertilizers. Such a process was used here 
centuries ago, with crop seeds being coated with cowdung just 
before sowing. Cowdung acts as a pesticide, particularly effective 
against fungi which attack seedlings. It discourages birds from 
eating the sown seeds, and it provides nutrients close to the 
emerging roots. 

Cattle grazing on stubbles helped in preventing pests living 
and breeding in them, thus interrupting their life cycles and 
reducing their numbers. 

A diverse ecosystem helped maintain a large number of 
predators and parasites. Birds— thought tobe eating grain—may 
also have been consuming insects that have attacked the grain or 
thatareon the plants. Some birds that actually consume the grains, 
prefer the seeds of grasses rather than cereals, butare unable to get 
the former because they have been destroyed? 

New research shows that nitrogen-fixing legumes may have 
increased pest resistance. Plants assimilating combined nitrogen 
from the soil have low levels of ureides, while certain tropical 
legumes can synthesize ureides. Ureides are generally a waste 
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product in animals. It has been suggested that ureides in Vigna, 
Glycine, Phaseolus, Cajanus, but not Cicer among grain legumes, 
may confer some herbivore, especially insect, resistance to the 
plants. 

Plants have also been found to have theirowndefencesystems 
against insects attacking them. Scientists in the UK have discov- 
ered that the tomato plant uses an electrical signal to alert its 
defence system against grazing, caterpillars. Until now, it was 
thought (except by Jagdish Chandra Bose!) that plants have no 
mechanism for feelings because they have no nerves. However, 
when a leaf is chewed by insects, it sends out electrical signals 
alerting the rest of the plant to the danger. As undamaged leaves 
receive the signal, they begin to produce defensive chemicals that 
make them difficult to digest.” 


Botanical Pesticides 

Plant-derived substances have been traditionally used for pest 
control for centuries in India. More than 500 plant species have 
been used for ficld, storage as well as domestic pests. There is a 
large store of knowledge on the subject, knowledge verified by 
continuous practice.* 

Some of the traditional pest control measures were often not 
seen as such. The painting of tree trunks red in forests and along 
roadsides, was thought by the British to be for marking them out 
as state property. However, the practice was widely prevalent 
before the British arrived here and it was done for protection 
against white ants. The “paint” was found to contain the al dye 
from Morinda citrifolia, with other ingredients such as garlic. 
This was said to completely check the ravages of white 
ants. Another formula consisting of a paint made up of 1 part 
dekamali gum (the resin of Gardenia gummifera), 2 parts 
assafoetida, 2 parts aloes and 2 parts castor oilcake, was used with 
the same effect."* 

As mentioned earlier, it is often not possible to separate the 
manurial from the pesticidal value of a particular practice. In fact, 
the manurial value contributed to the health of the plant and so 
helped it fight off pests and diseases. 

Of the 15 plants preferred by farmers, abouta hundred years 
ago, for “green manures” only two are nitrogen-fixing legumes, 
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and the rest are not particularly noted for their high NKP contents. 
The plants are adulsa, neem, ak, tarwad (tanner’s cassia), toon, 
dhatura species, bandari, sehund, kurchi, jhilla, chandrajyoti, the 
four o‘clock plant, sacred basil, karanj and Solanum species. 
Several of them —adulsa, nesm, ak, jhilla, sacred basil and karanj 
—however,are known to be powerful pesticides, while the others 
could also be so. Plants that havea milky juice like ak and schund 
were special favourites. They may have acted against soil patho- 
gens or as a systemic (the active chemical is taken into the plant) 
pesticide (neem, for instance). 

The oilseed cakes, of castor, neem, mustard and groundnut, 
traditionally incorporated in the soil, have been found highly 
satisfactory for the control of plant-parasitic nematodes. They 
remained effective for over 6 months in the soil." The leaf extracts 
of jonkmari (scarlet pimpernel, Anagallis arvensis) and akasbel 
(dodder, Cuscuta reflexa) are also highly toxic to nematodes.” 

More information on the traditional and present uses of some 
of these 15 plants is given here. 

Adulsa (vasica, Adhatoda zeylanica) is discussed in Chapter 
14. 


a 


Ak (Calotropis gigantea) leaves have very low values of NKP, 
but farmers who used it said that yields increased when the plant 
was used as a “green manure” for paddy, wheat and areca nut. It 
has now been found that an aqueous extract of the leaves inhibits 
the larval hatching of theroot-knotnematode, Meloidogyneincog- 
nita. The leaves also possess strong, anti-bacterial and fungicidal 
properties, reducing the fungal population in the rhizophere of 
pearl millet. The latex has been found to have good ovicidal and 
larvicidal properties. Mealy bug attackin rice crops was controlled 
by ak leaves applied to the field as green manure. In Andhra 
Pradesh, castor is attacked by red hairy caterpillars. In Salem, its 
leaves are broken and spread on the field for it attracts the larvae, 
which carly nextmorning are collected and destroyed. Ak acts as 
a sterilant for the Jute Hairy Caterpillar (Diacrisia obliqua). Leaf 
decoctions of ak effectively controlled leaf rust of wheat. The plant 
controls several other pests. 


Karanj(Pongamia pinnata) leavesare very effective indestroy- 
ing blight. To control crabs in paddy fields, farmers poured a 
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suspension of karanj leaves cut into small pieces and cowdung in 
water into the hole of the crab.” Dried leaves were used to protect 
stored grains because their odourrepelled insects. They were often 
ploughed into the soil as a green manure and were thought to 
reduce nematode infestations, In Karnataka, the seedcake was 
used by sugarcane growers and others as it repels red ants. Its 
(lowers were used as an insecticide. The oil was used to protect 
stored produce. 

Theseed oil and its activecomponent karanjin,are insecticidal, 
nematicidal, piscicidal and antibacterial. The seedcake reduces the 
incidence of root-knot of tomato caused by Meloidogyne javanica. 
‘Two per cent karanjoil-resin soap spray is reported to be effective 
against the nymph and adultstages of the green bug of coffee, An 
oil extract decreased the feeding rate of BPH and caseworm 
larvae." Adding 2 to 3 kilos of karanj oileake at the basins checks 
root nematodes, white ants and mealy bugs.” In experiments, the 
oil was added at 1% (10 ml/kg) to pigeonpea to prevent the 
development of Callosobruchus maculatus. It gave over 300 days 
protection.” Itcontrols Rhyzopertha dominica, Sitotroga cerealella, 
Spodoptera litura?! 

Karanj seedcake is active against the mustard aphid (Lipahis 
erysimi). The water extract of the cake has nematicidal activity 
against the second stage larvae of the root-knot nematode, Meloi- 
dogyneincognita. Theoil and karanjin havebeen found tobe active 
against the cockroach (Periplanata americana), and against the 
housefly (Musca domestica) 2# 


Bhant (Clerodendron infortunatum): In addition to using itas 
agreen manure, chopped Ica vesofbhant were also used to protect 
paddy from the angoumis grain moth (Sitotroga cerealella). 
Branches of the plant with flowering heads are now collected by 
Adivasisin Kerala, dried in the sun, packed in gunny bagsand sent 
to banana and betel leaf growing tracts in Kerala and Tamil Nadu. 
Farmers say that when this thick-leaved plant decomposes, it 
provides plenty of organic matter and has antifungal qualitics. 
Very tender leaves and buds are used by the local people for 
dressing wounds.” Chopped leaves of bhant incorporated in the 
soil have now been found to be nematicidal. 


Sacred basil (tulsi, Ocimum sanctum): Tulsi is planted around 
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homes to repel mosquitoes and other insects, In Sri Lanka, it is 
known foritsmosquitorepellent qualities. Itisburntina discarded 
earthenware vessel all night, additional herb material being added 
during the night 

Leavesyicld an essential oil whichisinsccticidal, pestrepellent 
and antibacterial. [thas marked activity against mosquitoes. Leaf 
extracts have now been found tobe potent fungicidesagainst three 
fungi that attack and cause disease in rice crops, according to 
scientists at the Central Rice Research Institute in Cuttack, Orissa. 
The fungi Pyricularia oryzae, Cochliobolus miyabeanus, and Rhi- 
zoctonia solani incite blast, brown spotand sheath blight diseases, 
respectively. Leaves from theplants werecollected, washed,oven- 
dried at 45 C, ground to get a dry powder. The powder was then 
extracted in 95% ethanol solution and concentrated to form a 
syrup” 


Bandari (jakhmi, Dodonaea viscosa): Leaf decoctions effec- 
tively controlled leaf rust of wheat.” 


Schund (sher, Euphorbia tirucalli): It was planted around 
mango and other trees to keep rats away. It was planted around 
homes to repel mosquitoes and other insects. Branches were hung 
from ceilings to kill or repel flies. 


Kurchi (kuda, Holarrhena antidysenterica): Branches are put 
in paddy fields for birds to perch on, but may also have pesticidal 
effects. 


Four o'clock plant (gulabas, Mirabilis jalapa): Leaf extract is 
effective in inhibiting Potato Virus Y infection on chilli 


Tarwad (tanner’s cassia, Cassia auriculata): An old Tamil 
proverb states: “Sheep folding is good for one crop, aavarai 
(tarwad) leaves for three. Also itaffects the stalk rather than grain. 
Sheepdung haseffecton the plant, aavaraion the grain of paddy” 


Neem (Azadirachta indica) is the best known of the botanical 
pesticides today. Its progress from traditional to current use could 
be the fate of all the “green manures” or botanicals used here. For 
centuries, farmers have mixed neem leaves with grain and have 
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soaked sacks in neem water to control harmful storage insects, and 
have used neem cake or leaves as a manure. Neem seedcake 
protected crops from termites and other pests. The useof pesticidal 
plants incorporated in thesoil has severaladvantages oversprayed 
pesticides. The leaves or oilcake in the soil, release their active 
chemicals slowly. These are taken up by the plant forming a 
systemic pesticide which lasts a long, time. 

Neem does not pollute; it is harmless to farmers and to those 
who consume the crop on which itis used, as well as to birds, fish, 
mammals, spiders and ants. Azadirachtin, the most potent chemi- 
cal identified in neem, causes no serious harm to beneficial species 
such as pollinating bees and earthworms. 

While only neemcake, a by-product of oil recovery from the 
seed, was used earlier, now the accentis on the extraction of active 
chemicals from neem leaves, fresh fruit, kernels, and the use of 
products such as neem soap. Even with these, neem pesticide is 
cheap and can be “manufactured” by every farmer. There is no 
need to purify its chemicals, since crude extracts are highly 
effective, often more so than refined ones, because some of 
the active chemicals are removed by the refining processes. 
But these have to be sprayed, because they cannot be put into 
the soil, When neem is sprayed on plants, it loses much of its 
activity within a few days because sunlight degrades its active 
chemicals. 

The preparation of crude neem and other botanical pesticide 
formulations could be the basis of a village industry which could 
employ tens of thousands, but is now being pre-empted by TNCs 
and local agrochemical companies. 

The discovery by Pradhan of neem’s specific antifeedant 
properties occurred in 1962 in the Indian Agricultural Research 
Institute, New Delhi. Since then, hundreds of scientists, most of 
them in the West, have worked on neem, showing that neem can 
be used effectively against a very large number of field pests. The 
evidence of centuries of traditional use had been dismissed on the 

;rounds that there was no scientific basis before, even though it 
worked in practice. The traditional use ofneemand other botanical 
pesticides is only now being accepted as scientific because of such 
research. By contrast, synthetic pesticide technology is considered 
to be valid because the chemicals have been proved to be toxic to 
pests in laboratories, even though they may increase the numbers 
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and varieties of the same pests in the field, once they develop 
resistance to the pesticide. 

Neem is now known to be effective against about 10 species 
of beetles, 10 species of flies, 25 species of butterflies and moths, 
9 species of grasshoppers and locusts, as well as several species of 
aphids, fungi, leaf hoppers, leaf miners, mites, nematodes and 
termites — about 200 species in all. Practically all insects 
that consume plant parts are killed by neem, but others are 
repelled from feeding, develop deformities, or have their ezgs 
destroved. 

Synthetic pesticides have a single active ingredient which 
affects only one particular aspect of an insect’s organism, for 
instance, reproductive, respiratory or nervous system. Thus, a 
single mutation of the insect can produce resistance to the chemi- 
cal. Neem and other botanical pesticides have many active chemi- 
cals each of which may simullancously affect more than one 
physiological system of an insect. In order to develop resistance to 
neem, there would need to be several simultaneous mutations,and 
the probability of this happening is very low. Hence, its successful 
use for hundreds of years. 

Neem has a few limitations. Because the active ingredients 
break down in sunlight, it needs to be sprayed often. A mixture 
with oils of neem itself or of castor and vach give slight protection 
from degradation. Spraying crops in the evening will give neema 
longer time to work. Neem does not act against every pest. Neem 
leaves are toxic to rabbits, guineapigs, and snails, Too high a 
concentration of neem oil can cause plants tobe malformed;20-day 
old tobacco seedlings were adversely affected in this way. 

The realization by consumers that synthetic pesticides are 
harmful is forcing the pesticide industry to look for safer alterna- 
tives, of which the use of neem is one. The industry claims that it 
will now provide “natural” products which will not have prob- 
lems. But industry scientists cannot patent crude neem extracts 
and so they are working frantically to identify, extract and purify, 
or synthesize the active chemicalsin neem, in order tocommercial- 
ize this knowledge. Since these processes are expensive, only one 
or two of the many active chemicals will be applied and they will 
not be as effective as natural crude extractions. There are other 
inherent problems in the commercialization of botanicals, which 
typify the disadvantages (to the farmer) of such products. 
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Commercials need to have standardized quantities of each 
chemical they contain, which is why crude extracts, which vary 
widely in content and concentrations and perhaps even have 
unknown chemicals, cannot be commercialized. Further, several 
of neem’s chemicals degrade naturally quite speedily, but com- 
mercials are required to have a specified minimum shelf-life, 
reasonably long if the productis to be distributed over large areas 
and used for at least a season. This means that stabilizers have to 
be used in addition to the neem chemicals, but the preparation 
cannot be overstabilized, since this would reduce its biodegrad- 
ability. Still, once sprayed, azadirachtin decomposes very fast in 
sunlight, and hence has to be sprayed every week, at least. And 
sprayers need to be boughtor hired, and engine-driven ones need 
non-renewable fuels. 

Robert Larson had observed the use of neem for crop pest 
control during his many business trips to India. With the advice 
and assistance of the US Department of Agriculture, he developed 
ancemkernel formulation. A patent (US Patent No4,536,562 dated 
December 3, 1980) has been obtained by Larson on the preparation 
and use of neem extracts of azadirachtin and ils stabilization for 
pest control. Such patents, if broad enough, can make it illegal for 
farmers here to-use what they have beenusingin India forcenturies 
for such purposes. 

The following quotation from an article in Scientific American 
reveals what is happening. “The first neem-based commercial 
product has reached the market in the US. ... The US Department 
of Agriculture has studied the tree since the early 1970s, and WR 
Grace & Company bought the nghts (trom Larson) to market a 
neem pesticide. .. For now, W R Grace depends on a far-flung, 
network, which sometimes begins with poor villagersin India who 
gather necm fruits that have fallen from trees lining the roadside 
to provide shade from the harsh sun. ... With ‘green’ products all 
the rage, though, Grace has had no trouble marketing its product. 
‘If [had a little more, I could sell more,’ says F Peter Boer, Grace’s 
chief technical officer.” 

Several Indian companies have also been marketing neem- 
based products for some time. Some of them are entering into 
foreign collaborations for this very Indian product. The Karnataka 
Rajya Raitha Sangha convener, Prof M D Nanjundaswamy, said in 
May 1993 that WR Grace & Co and the Tumkur-based P J Margo 
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Pvt Ltd were proposing to build a factory for neem-based 
biopesticide production. Initially, the Tumkur plant will consume 
about 20 tonnes per day of neem seed. Grace, which is marketing 
itsneem-based pesticidein the US under the trademark Margosan- 
O, has agreed to buy-back the biopesticide manufactured in 
Tumkur.* 

The more urgent danger, then, is that neem seeds or their 
extracts will be exported in enormous quantities, forcing prices up 
and reducing quantities available here, affecting farmersas well as 
other users of neem oil and neemcake. Some manufacturers of 
neem-based pesticidesare using the leaves. Neem treesall over the 
country are being stripped off their leavesand branches because of 
thisdemand. Such stripping willsoon kill the trees. Neem will then 
bepromoted for monocultural plantations. High yielding varicties 
of neem will soon follow, gradually decreasing the genetic diver- 
sity of the species. 

There is a long-term danger of using single chemicals, ex- 
tracted or synthesized. While pests cannot easily develop resis- 
tance to the mixture of chemicals that crude neem has, it may be 
easy for them to get resistant to, for instance, azadirachtin alone. 
This increases the probability of a chain of resistance developing 
scrially as the pesticide industry selects and discards one neem 
chemical after another, as and when insects develop further resis- 
tance. After insects develop resistance to azadirachtin, manufac- 
turers will switch to, say, salanin, another chemical from neem, 
giving the pestsa chance to developresistance in the samemanner. 
Soon, the efficiency of even crude extracts may decrease, diminish- 
ing neem’s utility. The use of “crude” extracts, prepared in a few 
minutes at practically no cost, is thus a more “scientific” method 
ofusing neem than the use of purified single active chemicals from 
the plant. 

The export of neem is seen as providing foreign exchange and 
profits. However, neem is now being planted on a vast scale in the 
US and other countries and, after Indian trees are destroyed, they 
will be in a position to get all they require from their own. The 
azadirachtin molecule has already been synthesized at London’s 
Imperial College. The next step will be to make simpler (and 
patentable) substances with similar but faster, longer-lasting and 
deadlier effects. Neem export will not be sustainable, even if our 
trees here are not destroyed. 
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Neem has been used for thousands of years in a sustainable 
manner. Commercialization will wipe itoutin a few yearsand will 
soon make it unavailable to Indians. This is bound to happen, 
heeause of the export of all our neem leaves and seeds, the 
destruction of neem trees, the development of resistance by the use 
of single chemicals, as well as because of the proposed intellectual 
property rights to be granted for product patents on chemicals. 
Neem pesticides, of course, will still be available as high-priced 
imported Margosan-O. While for the farmer and other villagers, 
neem will not be available even for medicinal and other uses. The 
first loss to be felt will be that of neem twigs for brushing teeth. 
(How does one cost a toothache?) 

An urgent ban is, therefore, required on all export of neem 
leaves and seeds and their products. Also, the use of extracts of 
single chemicals or their synthesized equivalents, whether im- 
ported or made locally, must also be prohibited, if neem is not to 
lose all its value as a pesticide. 


Western scientists, supported by agribusiness, are now 
examining all the plants that have been traditionally researched 
and used for pest control by Indian and other indigenous farmers. 
After the usefulness of neem is destroyed, the pesticide industry 
will reach out to these. Just as the development of serial resistance 
to neem’s individual chemicals will destroy the value of neem, so 
the pesticideindustry will serially destroy all the importantbotani- 
cals, 

The pesticide industry is well aware that insects can develop 
resistance to all synthetic pesticides, but they continue promoting 
them on the assumption that technology will always find a new 
pesticide. This assumption has no scientific basis, as has been 
proved now in the case of TB bacteria which has developed serial 
resistance to several drugs. This case isa predicted failure of the 
Western scientific-technological system, a breach of technological 
promise?” 

The only hope is that while all this is happening, farmers will 
continue their own researchand will find alternative means of pest 
control, botanical or other. While many of the plants were tradi- 
tionally used against personal pests such as head lice, they have 
nowbeen found tobe active against agricultural pests, too. Sophora 
grifithii, S. mollis, and S. tomentosa were used to kill head lice. The 
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leavesand seeds contain cytisine, which is toxictoarmywormsand 
other pests. 


While hundreds of plants can be used as pesticides, the use of 
botanicals must be seen merely as a transitional practice, till the 
traditional pest-resistant varieties, and the complexintercropping, 
rotations and manuring practices are restored or improved upon. 
Hardly any spraying of crops was done traditionally, with most of 
the pests controlled by soil and systemic pesticides. 


The Existence of Pests 

Often, farmers do nothing at all when insects appear on a crop. 
When vegetable crops are attacked by pests, they allow the attack 
to continue. In the case of tomatoes, nearly the whole crop is lost 
but after some time the plants shoot up again and a good crop is 
obtained. The same thing happened to rice; the plants died off 
completely, weeds took over. Sothey irrigated the field, pushed the 
weeds into the soil, and new rice shoots came up which pave 
excellent yields.* 

It is questionable whether “pests” exist at all. Plants survive 
undernatural conditions without pesticides. tappears that insects 
and other organisms become pests when natural ecosystems are 
unbalanced by interference. 

Tt may be that our ways of cultivating crops turn benign insect 
speciesinto harmful ones. Insectsare not normally a problemif, for 
instance, traditional crop varieties and farming methods are used 
ina diverse plant and animal environment. Vests, then, are mere 
symptoms ofa much deeper malaise: agricultural practices which 
work against rather than with Nature. Moreover, since the cultiva- 
tion of crops is itself an intervention, practices which tend to 
imitate natural conditions, such as organic manuring, rotations, 
intercropping, with agroforestry or even more complex systems 
approaching nearer to natural conditions and which provide a 
habitat fora diversity ofcreatures, will eliminate theeffects of pests 
without extinguishing the species. 

Pests are created by other types of human interventions. The 
large Bull Frog, Rana tigrina, common in the Konkan during the 
monsoon, consumes a large variety of insects as well as crabs, rats, 
birds and snakes. From 1963 onwards, frogs were caught in 
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increasingly large quantities, their legs cut off and exported. The 
‘umber of frogs dropped drastically, causing a considerable in- 
crease in paddy pests. Then, year after year, farmers were told to 
burn their crops which had beenattacked by the paddy stem borer. 
When the export of frogs’ legs was banned, the population of frogs 
secovered and agricultural and other pests have since then de- 
creased, the stemborer no longer being acommon pestin the area” 
However, efforts are now being made to get the ban lifted which 
would cause the cycle to be repeated. 

The appearance of pests on crops could be only a symptom 
showing that something is wrong with the soil, climate or plant. 
Pests appear because the plant is already sick. The widespread 
drought in the US in the summer of 1988 weakened maize crops 
whichled to unprecedented aflatoxin outbreaks in maize-growing 
regions.¢ 

Pests “disappeared” with just three years of organic farming 
in rice fields in the Konkan region, whose surroundings were not 
cleared but allowed to run wild with shrubs, trees and even 
“weeds”. Today, itis difficult to finda single blade of paddy which 
has even been nibbled at or attacked by disease, though there are 
plenty of insects about. 

“Pests” can also be seen as tending the crops, ensuring that 
they serve their main purpose. This would be Nature‘s way, since 
all creatures need to be seen as having a purpose which positively 
contributes to success of the whole, In 1987, a blight on paddy 
appeared when the plants were under stress, caused by a dry spell 
during the monsoon. This could have been Nature's way of 
reducing evapotranspiration so that the plant would survive. As 
soon as it began raining again, the blight vanished. Paddy was 
attacked by a grasshopper when the transplanted seedlings were 
\ooclose, thus thinning out the plants for the farmer. Attacks by leaf 
eaters on plants which have too much nitrogen might also be 
Nature’s way of controlling them, since this would produce too 
many leaves, not grain. 

Ultimately, we have to see that all the creatures we now call 
pests have as much right to survive as we ourselves have. 


Biotechnological Progress 
!aving enthusiastically promoted synthetic chemical pesticides 
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with disastrous results, agribusiness is now promoting biopesti- 
cides as their replacement with equal enthusiasm, and equally 
disastrous consequences. 

Bacillus thuringiensis (BW) is the most widespread biopesticide 
today, initially hailed as a miracle cure by the synthetic 
ic industry: “in two decades we won't be spraying, crap on 
plantsany more”. The admission that the synthetic pesticidesthat 
they had been recommending for decades was “crap”, was of 
course unintentional, but the promotion of biopesticides is indeed 
an admission by the industry that synthetic pesticide technology 
has been a failure, 

However, the miracle cure is rapidly turning ineffective: 
several important pests have developed resistance to Bt toxins in 
as little as two to three insect generations. With such resistance 
developing, the new era of “safe” technologies using “natural” 
toxins for pestcontrolis already coming toanend. The problem lies 
in the unsustainable technology itself. 

To help save their investments, agribusiness firms are hoping 
to extend the commercial life of their products by “resistance 
management”. They recommend that farmers should keep a part 
of their crop untreated so the insect pest can thrive there, The idea 
is to keep susceptible individualsaliveand prevent the population 
from being dominated by resistant insects.“ Farmers arealso being, 
encouraged to plant non-Bt modified plants along with their 
genetically engineered cousins that will serve as a haven and 
genetic reservoir for Bt-susceptible pests. Recommendations are 
now being made that farmers should use crop rotations and 
cultivate “refuge” crops along field borders so that some Bt- 
susceptible insects could survive." 

All these recommendations areinherentin traditional systems 
of pest control. Why, then, gothrough the pesticide industry at all? 


The Control of Storage Pests 

Several plants have been, and are, effectively used for the 
protection of stored produce, among them vach, adulsa, Alnus 
nepalensis, groundnut, neem, Blumea malcolmii, lime leaves 
and soapnut (kunkudu). Even the noxious exotic weed, congress 
gavat has found a use in the protection of paddy, sorghum and 
pulses. 
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Traditional methodsofstoring grain included cowdungcoated 
containers, with neem leaves spread among the grains, neem fruits 
crushed on theinside walls of bins, and storage sacks soaked in the 
water extracts of neem leaves. Grains were also coated with oils, 
ash or sand. All these practices have been found to be effective 
against a number of storage pests, like rice weevils (Sitophilus 
oryzae), lesser grain borers (Rhizopertha dominica) and khapra 
beetles (Trogoderma granarium). Rice could be stored for more 
than five years without damage or deterioration.® 

‘Theleaves of fenugreek (methi) wereused torepel stored grain 
insects. Wormwood (mastaru) is used to protect grains from 
Sitotroga cerealella. The powder of neem leaves and rhizomes of 
turmeric act against the rice weevil, Sitophilus granarius. Neem, 
vach, valerian, gandhalu and santalu (kirmala) repelled the red 
flour beetle, Tribolium castaneum. Rice grains were treated with 
turmeric powder, mustard oil and common salt for protection 
against insect damage. 

The fruit of madana (emetic nut) was mixed with grains to 
preserve them from the attack of insects in the Konkan. Castor, 
groundnut, coconut, rapeseed and other oils were used as a 
preservative to food grains and pulses, Cowdung ash was mixed 
with cereals kept for seed in Punjab. Wood ash was mixed with 
beans in Mysore. 

The use of other plants has now been “confirmed”. Ground 
black pepper (kalamiri, mirach) is highly toxic to rice weevils 
Garlicoilis toxic tothe khapra beetle. Callosobruchus chinensis the 
gram dhora is controlled by vach, custard apple sced oil, neem, 
nirgundi, ghanera (goat weed), besharam, lantana, yellow clean- 
der (pile kaner), extracts of leaves and seeds of ramphal, neem 
kernel powder and extracts of its leaves and seeds, nimurdi oil, 
kanphuti (dog mustard) oil, galanga (chandramula) powder for- 
mulation, mahua, arrowroot (tikhor), extracts of leaves and seeds 
of Persian lilac, chaksu, mirchai, marsh mint (podina) and wild 
mint (jungli podina), harmala, patchuli (pach) and many others. 

Callosobruchus maculatus, cowpea beetle or pulse beetle, is 
controlled on cowpeas by French bean extracts;on cowpeas, mung, 
pigeonpea and beans by castor, karanj, cottonseed, neem, safflow- 
er, sunflower, mustard, sesame, groundnut, mahua and black 
pepper and coconut oils. It is also controlled by ramphal seed 
powder, neem leaves and kernel powder. 
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Stored pulses can be protected by babul, suru, mango and 
tamarind wood ash. In Sri Lanka, farmers burn neem leaves to 
generate smoke for fumigation against insect pests of stored 
pulses. Layers of leaves of sava, finger millet, supti and citrus 
species are used to protect stored pulses. Castor oil is used as a 
preservative for pulses. 

Corcyra cephalonica, the rice moth, isa storage pest of cereals 
and oilseeds. A compound isolated from water hyacinth kills the 
moth at the larval stage at a osage of less than a millionth of a 
gram. Even crude extracts work. 


Weeds : 
Weeds were controlled by a number of agricultural techniques, 
such as suitable rotations, “green manures”, seedbed prepara- 
tions, mulching, etc., and by mechanical cultivation. 

Some Tamil folk sayings on weeds are: “A crop not weeded 
is but one fourth of a crop.” “Korai, (Cyperus bulbosus) is 
ruinous to the cultivator.” “Plant horse gram to get rid of 
korai.” “A field overgrown with hariali grass (doob, Cynodon 
dactylon) and a man who opposes his king will not thrive.” 
“palli (a weed of dry land) isas fatal toa field as Sakuni was to the 
family.” “Manure the fields till the crop begins to ear and weed it 
till the ears are ripened. Weed the land even after gathering the 

ars.46 
" Botanical herbicides were also available. Niger (khorasni), 
grown either for its seed as a rotational rabi crop or ploughed into 
thesoil asa “green manure”, reduced weeds in the following crop, 
particularly in groundnut. 

Sann was used to control weeds because of its fast growth, in 
paddy fields. ; 

Jawasa (Alhagi pseudalhagi): This is a leguminous weed, 
which wascontrolled by flooding the field. The use of rabtoa patch 
where it occurred was very effective in removing it or destroying 
the seeds.” 

Lowala (Scirpus tuberosus): A crop of sann, in the monsoon, 
wasused tacontrol the weed. The sann was ploughed into the land, 
and the exposed stems and rhizomes of lowala collected at the 
same time."* 

Neem was grown around fields to kill weeds.” 
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If land on which vegetables were cultivated was heavily 
infested with nut grass, the land was used for two or three years to 
cultivate rice and then returned to vegetable use. Pigs were 
allowed into fields for 2-3 years to eliminate this completely.” 

To control the root parasite, witchweed, trap crops like cow- 
pea, lablab, castor and others were sown well in advance of 
sorghum and the weed seeds allowed to germinate. Then these 
were destroyed by ploughing and the main crop was sown. 
Farmers in Tumkur District said that growing vetiver grass pre- 
vented the occurrence of witchweed.* 

Fordry landriceat Pondicherry, mothbeanand pearl milletare 
sown togetherin September. Themothbean keeps down the weeds 
while the millet is growing. After the millet harvest, the mothbean 
is left standing. Dry land rice seed is then broadcast over the 
mothbean after which the latter plants are uprooted by hand and 
dropped on the soil where they reduce evaporation and provide 
mulch, 

Broomrape (Orobanche cernua) can be controlled by applying 
any of the following oils: sesame, groundnut, palm, sunflower, 
salflower, niger, castor, linseed, neem, coconut and tobacco 
seed. When applied at 2 or 3 drops per shoot on the tip of young 
broomrape shoots (unflowered) the shoot is killed in 2 to 4 days. 
"he oils are less effective on flowered broomrape shoots and a 
high dose of oil is needed. 


Western agribusiness promotes the complete eradication of 
large numbers of plants, resulting in a major loss of biodiversity, 
However, a more sustainable system would look at weeds as 
precious species to be preserved for their intrinsic value. Further, 
no one knows what functions, perhaps essential, they play in the 
local as well as global ecosystems. Western science may not beable 
to examine such roles in their laboratories, because they could be 
entirely passive or catalytic. Weeds, however, have been used 
traditionally, and hence, conserved as species in India. 

Weeds have been used for food, manure, fodder, fuel, alkaline 
land reclamation, erosion control, fibres, oil, packing, thatch, 
pesticides, chemicals, fuel, and paper.¥ 

The weeds that were claimed to be most troublesome, such as 
the Cyperus species, korai, motha (nut grass) and lowala had a 
number of uses. 
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Cyperus bulbosus was used asan indicator of good black soil. 
The roasted tubers have the flavour of potatoes, and were baked 
into bread or cooked into puddings.* 

Motha (Cyperus rotundus) grows very fast, giving 146 tubers 
from one in about 3 and a half months. This, as well as, other 
Cyperus species, can be uscd for the reclamation of “waste” 
lands.” The tuber isalso eaten in emergencies. The dry tubers were 
used in cosmetics and for making agarbatties (incense sticks). The 
tubers have essential as well as fatty oils. Used as fodder, it 
improved the quality and quantity of milk" 

Motha tubers were used against fever, diarrhoea, dysentery 
and other stomach disorders. The fragrant tuber was traditionally 
added to water to purify it.* The tubers are still available in 
Bombay’s bazaars. 

Motha contains an oil inhibiting the growth of Staphylococcus 
aureus, and cyperenes which inhibit the growth of Shigella son- 
nei.” The essential cil has shown anti-estrogenic activity in rats." 
It also reduces obesity.” A chemical, aucubin showed significant 
liver-protective activities. Itis an antidote for Amanita mushroom 
poisoning. 

The tubers possess potent anti-inflammatory, anti-pyretic 
and analgesic activities. They have a very low toxicity, This drug 
was also found to be very useful in cases of several kinds of 
arthritis. The innocuous nature of the drug is proved by the factthat 
even among those cases who have used one gram of the drug daily 
(in divided doses) for 5 years, nota single case has reported any 
side or toxic effects attributable to the drug.“ Though the treatment 
has to be taken for about 6 months, the effect is apparent after the 
first 2 weeks specially in rheumatoid arthritis. 

Lowala (Cyperus scariosus) was used for tying betel vines. 
The pith is eaten by Adivasis. It has the same medicinal uses as 
motha. 

The Khasi people use lantana to enrich the soil. The branches 
are cut, laid over cultivated areas, allowed to dry, covered with 
sods which are allowed to dry, and then slowly burned.” 


Transition 
The first step is to replace the modern pest-susceptible HYVs 
with traditional pest-resistance varieties. If the use of synthetic 
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pesticides is suddenly stopped, pest populations may increase 
because predators and parasites with longer life cycles may take 
time to build up. Botanical pesticides could be used until the 
predator population builds up. In one such case, in the first year 
after stopping the use of synthetics, aphids built up in huge 
numbers on plants, but in the second year, with no action taken 
beyond allowing, the place to run wild, ladybirds and other 
predators kept them under complete control. 

Ifall the farmersina given region donot simultaneously switch 
tonon-synthetic pesticide means of pest control, predators in the 
region will still be killed and pesticide spray may be blown on to 
the fields of those who have chosen more sustainable methods. 
Toxics can also be carried by water flowing from one paddy ficld 
to another and by contaminated irrigation water secping into 
aquifers and streams. 


Chapter 14 
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Adivasis plant paddy in rows which run at right angles to the 
direction of the flow of flood waters, and plant finger millet across 
the direction in which the wind blows, respectively, They say that 
this strengthens the plants and provents them from lodging.! 
Recent research has shown that the continuous movement pro- 
duced by such flows, causes the plant stems to thicken and stunts 
the plants.’ This reduces the danger of lodging and allows the use 
of more nitrogen manure giving higher grain yields, 


Rotations and Intercrops 

Crop rotation is the successive planting of different crops in the 
same field, while intercropping is the planting of several crops 
simultaneously in the same field. This contrasts with Western 
continuous monocropping, which involves. successivel 
planting the same field —and often large regions — with thesanie 
crop. 

Several examples ot rotations and intercrops have already 
been given inearlier chapters. Here an attempt is made to see how 
they work to maintain yields. 

Rotations are essential for sustainable farming because they 
provide — indefinitely — what the imported inputs of Western- 
ized agriculture can provide only temporarily. 

Rotations maintained soil fertility, altered microclimates 
through shading (of shorter by taller plants), provided weed and 
insect con trol, and reduced diseases, water runoff and erosion. 
They increased soil moisture content and biodiversity. Deep- 
rooted crops brought up nutrients, transferring them to sities 
layers through leaf fall. Traditional rotations often included a 
nitrogen-fixing legume species, citherasa crop foritsown produce 
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or for several other reasons. The yields were usually higher than 
when the species were grown in monocultures. Traditional rota- 
tions ranged up to 7 years, with the cycles repeated thereafter. A 
typical long rotation started with a high-yield nutrient-demanding 
cereal crop, followed by a pulse or other legume and then crops 
which survived on lower nutrients. 

It has now been discovered that rotations produce benefits, 
including increased yields over continuous cropping, whether the 
rotations include leguminous plants or not. This is called the 
rotational effect. When leguminous cropsare used, the increase in 
yieldsis usually greater than expected from the estimated quantity 
ofnitrogen supplied. In fact, yields of grains following legumes are 
often 10 to 20% greater than continuous crops* Western research 
attributes this to the seasonal change in food source (the crop), 
which usually prevents the establishment of destructive levels of 
pests. Root diseaseand insect damageare reduced and the healthy 
root system is better able to absorb nutrients in the soil. However, 
traditional examples show that specific crops also control particu- 
lar pests, diseases and weeds. 

Croprotations with grasses and legumes causebetteraggrega- 
tion of soil particles than cereals alone. Grasses increase the water 
stable aggregates and the percentage of non-capillary pore space, 
because they are fibrous with lots of root hairs as compared with 
cereals and other crops. Legumes improve aggregation because of 
the cementing materials produced by their symbiotic micro-organ- 
isms. Thegreen manuring of clayloam with dhainchaand sannand 
of sandy loam with guar increases the percentage of water-stable 
ageregates.* 

Fallows can be considered rotations with weeds. The weeds 
themselves — those with deep roots, at least — bring up nutrients, 
and maintain a low soil temperature. Several of these herbs are 
medicinal and pesticidal, and could be better utilized. 

Rotations and intercrops were chosen tosuit particular ecologi- 
cal regions as well as specific objectives. They werechosen for their 
properties which were evidently well understood, as the example 
of niger in the control of weeds shows. This required scientific 
observation of crops and decades of experimentation. How many 
years would berequired tobe surethata particular5-year rotation, 
say, was satisfactory? Intercrop species had to complement cach 
other. 
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Intercropping provided more or less the same advantages of 
rotations, with othersadded. Mixed cropping, either with varieties 
of the same crop or different crops, ensured security in case of 
monsoon failure or other stresses. Output increased because the 
late varieties could spread out after the early ones were harvested, 
Intercrops also acted as live mulches, and increased the biomass 
produced on the field. 

The sowing of paddy, cowpea and mesta by Adivasis north of 
Bombay, all together in the paddy seedling bed serves several 
purposes. It makes efficient use of the land, and of any carry over 
fertilizer from rab. E 

In experiments in Pondicherry, groundnut, sorghum and 
other seeds were all sown together on the same plot at the 
beginning of the rains. When it did not rain enough, then at least 
sorghum grew. Maize and pearl millet were planted in rows one 
metre apart, and the seeds covered with compost. In between, 
seeds of mothbean or cowitch were sown, After the maize was 
harvested, the beans climbed on the stems and also provided a 
mulch? 

Maize is sometimes intercropped with sugarcane. When first 
planted, maize competes for light with the sugarcane, but it soon 
overtakes the cane in growth. After harvest, the sugarcane is left 
alone in the field to catch up in growth lost because of earlier low 
sunlight! 


Specific Plants 

The multiple uses to which a few of the plants mentioned earlier 
were put are given below in more detail here.?® Such use cannot 
appear in the accounts of the Westernized system, even if they can 
be valued in rupee terms. 


Pigeonpea, tur, arhar, Cajanus cajan 
Pigeonpea was grown both as a pure crop and as an intercrop or 
in rotation with several other non-leguminous crops, since it 
provided them with nitrogen. 

Albert Howard noted that Indian cultivators planted deep- 
rooting plants, which served as natural soil-aerators, pigeonpea 
being one of the best examples.’ In places where there were early 
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rains, it was grown pure in rotation with cereals like wheat and 
other crops suited to the area. Rotation of pigeonpea with wheat or 
rice gives very good results. 

It was intercropped with wheat, mung, urid, maize, finger 
millet, cowpea, sorghum, aus paddy, sesame, Italian millet, 
groundnut, tapioca, sunflower, black pepper and other crops. It 
was planted on bunds around rice. In south India, a large, 
bushy, perennial variety was grown on the margins of sugarcane 
fields ike a thick hedge. It was also grown along with turmeric, 
sweet potatoes, and other vegetables asa shade crop. It was used 
as a windbreak. Farmers in dryland regions often broadcast a 
mixture of crop seeds on prepared fields and rake them into the 
soil. 

Pigeonpea on its own requires very little irrigation asthe deep 
taproot sustains the crop on residual moistureduring dry periods. 
Hence it docs not compete with the other crops even where soil 
moistureand fertility are limited. Pigeonpea enriches thesoil with 
its heavy leaf falland opens up the land allowing water to infiltrate, 
with its deep root system, It is a nitrogen-fixing legume. 

The pigeonpea intercrop systems can be considered as 
agroforestry when pigeonpea is grown asa perennial. These plants 
were essential backyard species in many areas of Andhra Pradesh 
but most have been cleared away now. Unlike other trees used in 
agroforestry, it is a fast-growing species which yields within 3-9 
months, Perennial pigeonpea can be grown in orchards. When 
grown as a perennial, yields drop and it is more susceptible to 
disease. The plants are, therefore, not kept for more than 3 to 4 
years. They regrow after coppicing and their roots go deep, down 
to 3 metres in the second year. An erect, rather thana bushy, type 
is preferred for agroforestry systems because it is less likely to 
shade annual crops." 

Long-duration pigeonpea types can give high yields under 
semi-arid conditions suchas those prevailing in central India. Total 
annual dry matter production is potentially more than 15 tonnes/ 

ha, comprising about 2 tonnes of grain, 3 tonnes of leaf litter, 9 
tonnes of stem and 1 tonne of crop residue, After about 6 weeks, 
pigeonpea is able to smather any weeds present.!? 

‘A hybrid pigeonpea variety has been developed by ICRISAT. 
The institute says thatitresists the fungal and viral diseases which 
usually attack ordinary varieties of pigeonpea.” However, the 
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hybrid seeds will probably be too costly for small farmers and will 
have to be bought by them every year. 

Most pigeonpea is consumed as a dried pulse which can be 
stored and easily marketed. However, when sold locally, itcan be 
consumed when itis green asit is more nutritious than the mature 
seed. Green pigeonpea contains more protein, sugar and fat, than 
the dry pulse. Its protein and starch are more digestible, for it 
contains less flatulence-causing sugars. Green pigeonpea, whichis 
eatenalong with the seed coat, isalso rich iniron and calcium." The 
dried pulse contains about 22% protein. Pigeonpea is a major 
source of nectar for honey bees. 

The green leaves and tops are used for green manure and 
mulch. When grown for green manure alone, average top-growth 
nitrogen yield is 250 kg/ha. It is a good soil renovator, is used 
against erosion and asa cover crop. It is used in contour planting 
to check soil erosion. 

Perennial pigeonpea produces more litter than other typesand 
produces it throughout the year. For faster decomposition, it 
should be incorporated into the soil. The litter can also be collected 
and added to crops in other fields, either as mulch on the soil 
surface or worked into the soil. The stubbles are easily decom- 
posed. 

The plant has pesticidal properties. The root bark contains 
cajanone which inhibits the growth of Fusarium oxysporum f. sp. 
udum, a pigeonpea wilt pathogen, at 50 milligrams/kg in vitro. 
The pollen suspension of pigeonpea shows60% inhibition of fungal 
spore germination of Drechalera oryzae (syn. Helminthosporium 
oryzae) causing leaf blight of paddy. The germinating seed extract 
inhibits the tobacco mosaic virus. The plantis reported to produce 
two phenolic compounds showing fungiteric activity against 
Botrytis cinerea. 

The green leavesand tops were used as fodder. The pod walls 
and husks of the seeds are a valuable cattle feed. The leaves have 
a high crude protein content, and can be mixed with low-quality 
feed to improve the diet of livestock." 

The stalks left after threshing make excellent firewood. Farm- 
ersstated that the value of thestalks was roughly equivalent tothat 
of the grain. The upright types, which are probably best for 
firewood, have the deepest roots. Annual wood production can 
range from 2.5 to 12.5 tonnes/ha. During the same period and on 
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the same soil (a vertisol), subabul (a plant promoted by the new 
breed ofagriculturists) produced only 8.5 tonnes of total biomass / 
ha.!é 

While the thick main stem was used for firewood, the thin 
straightbranches served for thatchingand baskets. The stalks were 
used for tubular wickerwork, and for lattices erected within wells 
to prevent the earth from falling in. 

Pigconpea had several medicinal uses. The leaves were used in 
diseases of the mouth. Tender leaves were chewed in cases of 
thrush and spongy gums. The juice of the leaves was given with a 
little salt in jaundice. A poultice made of the leaves was used to 
reduce swellings. The ash of the stem is mixed with karanj il and 
applied to relieve itches. The pulse lowers cholesterol and phos- 
pholipids. Its constituents include cajaminose from the aqueous 
fraction of seeds which isa potentialagent for sickle-cellanaemia.” 

Theplantsserveas host plants for certain racesof thelacinsect. 
Thelacobtained, however, isinferiorand doesnot bleach well. The 
leaves are used for rearing silkworms. The stalks have been found 
suitable for production of lime-pulp, for making straw boards. But 
using them for such purposes would deprive farmers of fuel and 
fertilizer. 

At present, the crop covers 2.6 million ha (about 11% of the 
nearly 24 million ha under pulses}, accounting for 1.9 million 
tonnes (about 16% of the total pulse production of about 12 million 
tonnes), 


Sann, tag, Crotalaria juncea 

Sann,anitrogen-fixing legume, wasmentioned in the Ain-i-Akbari 
and by Dr Hove who saw it cultivated in Surat and Thane in 1787. 
It was said to refresh the soil and has been traditionally valued, 
practically throughout India, for its fibre as well as its excellent 
green manure. Numerous varieties, differing in period of matura- 
tion, resistance to pestsand diseases,and yield and quality of fibre, 
were developed, often for particular tracts. 

Sann nodulates profusely, is hardy and drought resistant, 
thriving on all types of soils. Its luxuriant growth provides much 
organic matter for soil improvement and from 60 to 100 kg, of 
nitrogen per hectare, with substantial quantities of potash and 
phosphorus. It requires little labour for cultivation. 
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In Maharashtra, it was used asa green manure for crops such 
as guar and onion seedlings. Planted in June with the first rains, it 
was pulled up and incorporated in the soil in August, growing 
more than 2 metres in this period. It also served to control weeds 
in the fields. It was not used for paddy in a similar way because 
cattle grazed in the fields and while custom allowed the people to 
protect the fields when the paddy was transplanted, it did not 
allow them to do so earlier. 

The fibre obtained from the stems, is more enduring than that 
of jute, and wasused for cordage, canvasand fishing nets. The fibre 
was also used for making rugs and bed and table linen, and for 
caulking the seams of ships. If grown for fibre, only the tops and 
leaves, which decay fast, were ploughed into the soil for manure. 

The flowers are edible and are cooked with prawns by the 
Warlis. 

Itisa good fodder crop, with the tops of the plants fed to cattle 
after harvesting. The stalks were also dried and fed to cattle. The 
seeds and pods are toxic to cattle. Its leaves can be fed as a green 
fodder, as hay and asa silage with a minimum loss in dry matter. 
Sann hay can cut down concentrate needs of cattle. The 
oilcake was also used as cattlefeed. However, there have been 
reports that sann is toxic due to the presence of an alkaloid called 
Crotalisin.” 

After retting and removing the fibre, the stalks were used for 
manuring or fucl. Sometimes they were tied in bundles of about 5 
to 10 cm diameter and used as torches at night. 

Sann appears to control nematodes.” This may explain its 
popularity as a green manure. Green manuring with it also mini- 
mizes sheath blight in paddy caused by Rhizoctonia solani. Sann, 
planted arounda field as a trap crop, controls Amsacta moorei, the 
ted hairy caterpillar Extracts of flowers tested against Sitophilus 
oryzae on filter paper caused 76% mortality. 

When thickly sown, it smothers out all weeds including kans. 
Its roots appear to produce an allelopathic substance that sup- 
presses the weed, spear grass.” 

Sann can be used for the reclamation of wastelands, since with 
its fast growth itis not smothered by grasses. Because of its strong 
tap-rootsystem, it thrives in poor soils and relatively arid regions. 

The plant was used medicinally. The flowers were consumed 
as a blood purifier. A decoction of the seeds was used for coughs; 
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\ paste of seeds was applied on scars, swellings and boils” The 
juice extracted from the leaves by boiling them in water, was used 
ly Warlis for measles. The leaves, roots and seeds were used for 
wycral other diseases. 

The seed oil is used for making soap and asa machine oil. The 
eed proteinscan be used in the preparation of plywood adhesives. 


\l, Morinda citrifolia 

[his plant was cultivated forits roots from which the redaldye was 
obtained.“ Sandy soils were best suited to this crop: black soils 
were too hardand theroots could not penetrate sufficientlyand the 
plants could only be removed with difficulty. Straight roots were 
reparded as the best, and distorted roots from heavy soils, the least 
valuable. After the first year, al was notaffected in any way by too 
much or too little rain. The preparation for the cotton served to 
level the field, and al usually followed cotton, 

In the state of Andhra Pradesh, a high-yielding variety of al 
was developed by using the seeds, not from old roadside trees as 
was normally done, butby selecting those from plantsgrownin the 
fields that flowered early. Using these seeds farmers, over centu- 
ties of selection, had reduced a large, 12 metre high perennial tree 
toa small, 50 cm high, annual or biennial field crop. Whereas the 
tree had thick roots, the new variety had thin roots with thick dye- 
yielding bark and little or no wood, and was fast-growing. 

Cloth dyed with al was proofagainstthe ravages of white ants. 
and other destructive insects, and hence it was universally em- 
ployed by bankers and shopkeepers to wrap around their account 
books. As mentioned earlier, the stems of trees were often painted 
around for about half a metre from the ground up, with a prepa- 
ration consisting of the al dye, in combination with garlicand other 
ingredients. This was said to check almost completely the ravages 
of white ants. 

Imported aniline dyes replaced al in the beginning of this 
century. Many large towns had derived their entire wealth from 
some part of the al industry and trade. With cultivation soon 
abandoned entirely much impoverishment resulted. [t wasstated, 
even by the British that “The introduction of aniline dyes may in 
perfect fairness be described as little short of a calamity. It has 
reduced to the verge of starvation the inhabitants of large tracts of 
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country end destroyed the artisticinstincts of the people overa still 
wider area”. 

Thotgh theal dye was much faster than theaniline one, it was 
not used because cloth dyed in it cost about double that coloured 
with aniline dyes. However, this lower cost advantage could not 
be compensated for by the loss of the indigenous industry, and 
aniline dyed cloth did not have the pest controlling properties of 
the natural dye. Many persons held that the British government 
should, at least, have imposed a heavy import duty upon those 
dyes. 

Al trees provided timber for housing and shade, their tender 
leaves and ripe fruit were eaten. The leaves provided fodder for 
cattle and silkworms. The tree yielded an essential oil. 

The root was used as a purgative, and to reduce fevers. A 
decoction of the fruit and leaves was administered to stimulate 
menstrual flow, and reduce fevers. It also served as a tonic. The 
root was used to dry up wounds. Charred leaves, made into a 
decoction with a little mustard was used as a remedy for infantile 
diarrhoea. The leaves, applied to wounds and ulcers, relieved pain 
in gout. The charred unripe berries were mixed with salt and 
applied to spongy gums. The ripe fruit was used as a mild laxative. 
The fruits were used for throat complaints, dysentery, white 
vaginal discharge. The plant is a common source of anthraquino- 
nes used as pain-killers in allopathic medicine.5?* 

A similar red dye was developed in Java from another species, 
Morinda umbellata, and used for the red shades in their batik 
work. Thisshowsthatsuch research wascommon in many regions. 

The wood was used for plates and toys and turnery. 


Adulsa, Adhatoda zeylanica syn. A. vasica 

Adulsa supplied manure, pesticides, fuel, water purificationchemi- 
cals and medicines, and killed off lower aquatic plants like algae 
and Charas species. 

Adulsa grew wild in forests and pasture commons and was 
widely used as a hedge plant because of its multiple uses as well 
as because it was “immune from the attacks of goats and other 
animals” ** It was used around betel gardens to protect the creeper 
from the hot winds. It is not so common now and needs to be 
propagated, which can be done from seed or cuttings. It grows 
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between sea level and above freezing altitudes and survives with 
500 to 1600 mm of annual rainfall. It is not affected by prolonged 
drought and tolerates infertile, stony, as well as alkaline soils” 

The leaves were used to cover wet seeds about to be sown for 
4 second crop in order to induce sprouting. 

Adulsa was traditionally used all over India for manuring. The 
leaf was held to possess high qualities as a manure for paddy, and 
was scattered over fields just before the rains. It was then worked 
into the soil with a plough. It was used because of its high nitrogen 
and potassium content and because it was believed tobe beneficial 
todiseased crops. By this means the yield of the rice crop wasmuch 
augmented. The leaves and branches were spread as top dressing 
onrice fields in the Konkan and inother places, especially for saline 
soils8 

Leaves ofadulsa were used to kill aquatic weeds which formed 
thick floating mats and prevented tillering in rice fields. This has 
been mentioned in the chapter on Rice. 

In Chingleput, Tamil Nadu, the leaves were used as manure, 
again especially for saline soils, the leaves were supposed to 
counteract the saline properties of the soil. In the South Arcot 
district the application of the leaves as manure was believed to be 
beneficial to crops blighted or diseased. 

In Nepal, the hill farmers use adulsa asa manurein<ice, potato 
and maize fields. Leaves are chopped and applied prior to plant- 
ing, where they decomposerapidly, within 7 to 10daysin summer. 
Such use of adulsa in potato fields not only increases yields, but 
controls termite infestations too. Rice treated with adulsa at the 
rate of 10 tonnes of leaves per hectare yielded 40% more than rice 
treated with equivalent amounts of chemical fertilizers, showing 
that adulsa has additional advantages.” 

A yellow dye was extracted by tanners from the leaves. The 
leaves were used for covering safflower, in order to make it yield 
a valuable red colour, instead of the normal yellow one.” The 
leaves were used for ripening mangoes and bananas, which were 
kept covered by these leaves fora few days. Thestems made good 
firewood and burned with little or no smoke. Adulsa leaves were 
used to keep off insects among clothes. 

The mostimportantattributeisits greatmedicinal value, being 
used traditionally fora wide range of discases, only a few of which 
are mentioned here. Fresh or dried leaves constituted the drug 
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vasaka, used in bronchial troubles and consumption, Theleaf juice 
was used in diarrhoea, dysentery and glandular tumours. The 
powdered leaves wereused for skin affections. The leaf juice isalso 
used in thetreatment of feverand jaundice, skinallergiesand white 
vaginal discharge. 

Ithas now been found that the chief active medicinal principle 
is vasicine. It may also find use in stopping severe bleeding 
occurring after childbirth. 

Adulsa is also used in traditional veterinary medicine." 

The flowers and leaves yield an essential oil, the sceds a fatty 
oil. 

Its twigs were woven into a lining to support the sides of dug 
wells, where it served for controlling weeds as well as gave 
physical support. 


Khorasni, niger, Guizolia abyssinica 

Niger was traditionally grown either pure or mixed with finger 
millet, chickpea, cotton and groundnut. It grew on poor soils, 
too. It was traditionally grown as a border crop around cereals 
to prevent trespass by cattle, as animals do not relish it. Tt 
was grown in Andhra Pradesh, Maharashtra, Orissa and 
Madhya Pradesh, mainly by Adivasis, and processed by them 
for its edible oil obtained from its seed. The oil was also used 
as a substitute for ghee, and in lamps. The seeds were also eaten 
fried. 

Asmentioned in previous chapters, niger wascultivated either 
forits seed or ploughed into the soil as a “green manure”, when it 
also reduced weeds in the following crop, particularly in 
groundnut.The seedcake was used for manure and probably also 
served similar purposes. The oil can be used to control the root 
parasite, Orobanche, by applying a few drops to the growing tip, 
preferably prior to flowering. 

Theseedcake was used foranimal feed. The seed ash was used 
as a dye auxiliary. The oil was rubbed over painful parts in 
rheumatism. The seed oil is used for the manufacture of paintsand 
soap. 

The annual production of seed was over 150,000 tonnes, of 
which about 10,000 tonnes were exported to the US alone in 1988- 
89, mainly for feeding pet birds.* 
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Doob, duroa, Bermuda grass, Cynodon dactylon 
I his perennial grass, considered one of the more noxious weedsin 
ihe West notonly has numeroususes here, butisalsoa plantsacred 
to Hindus, 
\t grows in arid regions with an annual rainfall of less than 100 
ji, on sandy soils and vertisols. Some types are fairly tolerant of 
“ilinity"1tisa good soil binder forerosion control. Tamil proverbs 
ay that “Dry land in which aragu (doob) grows is good. Red soil 
on which aragu grows is the best of its kind”.* 
It provides good fodder and is an important pasture grass. 
he fresh expressed juice of the grass was used in vomiting and 
\ anapplicationininflammation of the eyes with sticky discharge. 
Iinuised grass or its juice was applied to cuts and wounds as it 
checked bleeding. The juice was sniffed up to stop bleeding from 
the nose. Fresh juice was used in cases of chronic diarrhoea and 
dysentery. A decoction of the grass is diuretic. The rhizomes are 
wed for genito-urinary troubles. 
Farmersin south India planted vetivergrass on field or garden 
boundaries to prevent the spread of herbs such as doob.” 


‘These few examples give a faint idea of the multiple uses to 
which nearly all the plants in India were used. Most are still being 
used for the purposes mentioned, making a considerable contribu- 
lion to sustainability. 


Chapter 15 


Animal Husbandry 


Livestock are an essential component of sustainable farming since 
they are required to recycle crop residues. The nutrients that they 
do not retain for their own growth and products, are quickly 
turned into manure which can go back to the soil. The manure 
provides nutrients for the next crop and enhances organic content 
and tilth. 

‘The Arthashastra stated that rulers should make ample provi- 
sion for pastures by setting apart suitable land of sufficient extent, 
when forming villages. After the harvest, the cattle were let loose 
and roamed over the ficlds. When the crops were growing, they 
were sent under the charge of a herdsman, hired by the village 
collectively, to the grazing grounds. Wild herbs for preventive and 
curative veterinary use were collected. Some of these herbs were 
cultivated like other crops.’ Such arrangements still persist in 
many regions. 

Farmers normally maintained poultry, ducks, pigeons, pigs, 
goatsand /or cattle. These provided, in addition to manures, meat, 
milk, cash, manures, and hides. 

There were also the nomadic herders who provided manure 
for farmers’ fields. Many of them developed and maintained the 
breeds suited to the region. 


Draught Animals 
The breeding of cattle mainly for their ability to provide draught 
power, not solely for meat or milk, perhaps unconsciously, ac- 
knowledged that we do not have enough resources to produce 
milk and meat on a large scale. The use of animal power on farms 
and for transport, and the value of cattle manure has been dis- 
cussed in earlier chapters 
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Animal power enabled the farmer to plough and harrow 
the land, to sow seed, to interculture the crops, to draw water 
for irrigation, to thresh the produce and to carry it to the market. 
Land may not be optimally cultivated, when there is a shortage of 
draught power or the cattle are underfed. Insufficient or mal- 
nourished cattle result in inefficient cultivation and under-manur- 
ing, giving poor yields, which reduces the residues fed tocattleand 
makes the situation worse. As the number of cattle in the country 
yo down, the yield must decrease. 


Meat and Milk 

{ ivestock farming for meatisbeing promoted here mainly inorder 
to earn foreign exchange. But animals convert vegetable matter 
into meat very inefficiently. To produce a kilogram of meat, 6 to9 
kg of vegetable proteins are required? 

The Anand Milk Scheme of the NDDB, held up as the shining 
example of what cooperative dairying can accomplish, has been 
ihown tobeimpoverishingits own members.’ Good irrigated food 
crop land has been converted to green fodder production, food 
jrains that can beconsumed directly by people are fed to cattle,and 
«considerable amount of harm is done to the environment. With 
dairy animals requiring intensive care, the living standardsof poor 
larmers are being dropped in order that the living standards of 
crossbred cows can rise. 

‘The enthusiastic promotion of milk production asa profitable 
industry, with sales depending on distant markets, also requires 
(he use of unsustainable transport and refrigeration. 

The indigenous genetic resources are being damaged, with 
(any breeds of traditional cattle, which were selected for provid- 
ing, both milk and animal power, being decimated. The use of 
j;enetic engineering for livestock “improvement” will reduce the 
hatural diversity further. Such a reduction has already occurred in 
furope and is fast occurring here. 


Poultry 

The domestic fowl (Gallus gallus murghi) originated in India. Its 
ancestor, the red jungle fowl (Gallus gallus), is still found from 
|sashmir to Assamand in other parts of India. From India, the fowl] 
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was taken eastwards about 3500 years ago." It reached Europe 
about 2000 years agos 

A few hens and a cock — or ducks where water is available — 
were usually maintained by all farmers. There still are several 
indigenous breeds of fowls, which are normally hardier than the 
commercial broilers and layers, but “modern” trends are degrad- 
ing them. There is a tendency to vaccinate them with the vaccines 
required for delicate exotics, but this probably reduces natural 
selection for resistance. 

Domestic fowls were leftfreeto range for their foad , providing 
eggs and a little meat. They could be sold when a little cash was 
urgently required for medical expenses, house repairs, repayment 
ofloans,ctc. Most Indiansstill prefer the brown eggsaswellas their 
meat, of local range-fed breeds. Village fowls fetch more than 
double what exotic broilers doand so are quite profitable to keep. 

Though the commercial outputs of such small scale husban- 
dry are low, soare their costsand moreimportantis the practically 
free food and fertilizer thatisobtained. The demand for themis still 
so high from urban areas that the breeds are being rapidly wiped 
out. 

Allowing poultry to range free has other advantages in addi- 
tion to not requiring to be fed on grains. They get a wide range of 
foods from wild plants, seeds as high-protein sources, leaves for 
vitamins and minerals and so on. Takla, for instance, is an exotic 
herb that is spreading widely in parts of Maharashtra probably 
becauseit has no natural predators here. [ts numerous small seeds 
providea good source of nutrition while at the same time the birds 
keep the plant under control to a certain extent. The seeds of this 
plantare now being exported, mainly to Japan, for animal feed, the 
exports in 1992-93 being worth more than Rs 9 crore’ 

Poultry alsoconsumeand controla largenumber ofinsectsand 
other small creatures, some of which may be crop, domestic or 
animal pests such as ticks, They consume maggots in fresh cow- 
dung, keeping down flies. Farmers have noticed that fowlsfeeding 
incowdung compost heaps do notgetill, perhaps because cowdung, 
has antibiotic factors in it. The insects consumed by poultry need 
herbs on which to survive and all these are being lost when such 
useful plants are seen as “weeds” to be totally eradicated. Some of 
the herbs have been found to be active against poultry diseases, 
several (acommon Vernonia species), against, forinstance, Ranikhet 
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disease, With the loss of these “weeds”, the birds naturally become 
more susceptible to disease. This could be why an increasing 
number of traditional varieties of fowlsare dying, Another reason 
could bethatinjections with vaccines are reducing their resistance, 
as mentioned earlier, with the diseases being broughtinto villages 
by large poultry farms. 

“Modern” poultry farming is highly unsustainable with its 
dependence on high energy inputs and reduction in genetic vari- 
ability by selection for production ofa large number of eggs, or for 
fast growth. 


Fish 

Fish and other aquatic creatures were an important source of 
protein, in coastal areas as well as in the interior, where fish were 
obtained from nallas, tanks, wells and paddy fields and the sea. 
Although not really farmed, they formed an integral part of the 
agricultural system. 

Fishin tanks were formerly available toany villager who made 
a little effort to catch them. With village panchayats getting more 
cash-conscious, they stock the tanks with exotic fish, auctioning the 
total catch to the highest bidder. Thefishare taken out of the region, 
depriving local people of their free fish — and often of their 
purchased fish, since higher prices can be obtained in towns and 
cities. 

One of the benefits claimed for big dams is that the reservoir 
lake will provide a large quantity of fish and give employment to 
many fisherfolk. However, thesame problems arise as with village 
tanks, often turning the local fisherfolk to poachers in their own 
commons. The depleted river below the dam reduces the quantity 
of fish and other aquatic creatures that can survive. Dams also 
affect many types of freshwater creatures which need brackish or 
galt water forbreeding,suchas prawnsand eels,since theyimpede 
their movement to and from the coast. 

Deforestation causes rivers and tanks to dry up, thus reducing 
fish availability. Production is dropping further because of indus- 
trial and agricultural pollution of most surface water resources. 
Many of them are so highly polluted as to be totally dead. Ponds 
andlakes are drying up or being filled in. The excessive withdrawal 
of water by industries and agriculture has reduced river flow. 
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Traditional sea fisherfolk used a wide range of boats, from 
single person canoes hugging the coast, to large wooden sailing 
boals more than 20 metres long, going out several kilometres to 
deep water areas. Many of the bigger boats were run as informal 
cooperatives, with crews of up to about 20 men. Each member 
received one share of thecatch, with the chief promoter sometimes 
receiving two shares. The catch, after landing, was sortedand sold 
mainly by the village women. Most of the fish was sold locally, but 
some species were dried and salted for sale in the interior, and for 
use in the monsoon, when most fishing stopped. What was not 
edible, was used as fertilizer. This system had sustained itself for 
centuries. 

Technological progress to the use of mechanized boats and ice 
factories allowed the deep see fisherfolk to go out further and to 
stay out longer. And though their catches increased, they still did 
not overfish the area because of the types of nets they used and the 
methods used for fishing, But the high costs of diesel engines and 
ice farced the fisherfolk to take advances from merchants against 
their future catches. The merchants carried away the fish in 
refrigerated trucks tocity markets, and itisnot uncommon now to 
find that the only fish that can be bought in fishing villages are 
frozen ones that have come back from the centralized market. The 
cost of fish has naturally gone up, with further malnutrition and 
impoverishment. 

Aslong aslocal fisherfolk kept controlof theirocean commons, 
the system wassustainable. When “modern” trawlers with profit- 
oriented owners were introduced, the stocks of fish began getting 
rapidly depleted. With concentration on exports, sales to hotels 
and urban elites, the local people residing around the fishing 
village have often lost their main protein source. 

More than the loss of fish populations which can still revive if 
the catches are reduced to sensible levels, is the loss of skills. The 
large boat builders can no longer obtain the teak required even 
when there are fisherfolk who can purchase the boats whose price 
has gone up tremendously. There were many other plantproducts 
which were used for waterprcofing the hull and sails, for making, 
and impregnating special ropes, and so on. These are the artisans 
thatneed extremely urgent help if their knowledgeis tosurvive till 
the energy crisis arrives. 

Since theoutputof marine fish is dropping fast, inland fisheries 
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are being promoted on a large scale, with the conversion of 
farm land to aquaculture and the destruction of vast coastal 
habitats. 

‘The reduction of fish catches and the diversion of some 
inedible fish to prawn and other animal feed production, reduces 
the quantity of fish manure available, which in turn diminishes 
other food output. 


Fodder 

Livestock were traditionally fed on crop residues and stubbles, on 
grazing land that could not support cultivation, as well as on 
residues of processing, such as oilcakes. Crops or crop varieties 
wore chosen so that the farmers obtained sufficient fodder for their 
livestock, while the livestock provided thedraughtpower, manure 
and saleable assets required as a security. Little land was used for 
growing fodder crops and even these were usually legumes which 
fertilized the soil. Much grazing was found along roadsides, 
canals, ficld margins and inside forests. Forest trees were lopped 
for leaf-fodder and browsed upon. 

In the high technology Western animal husbandry systems, 
there is direct competition between the requirements of animals 
and the needs of humans. High-yielding milk animals require 
green fodder throughoutthe year, land togrow iton, and water for 
irrigation. Compound feeds for cattle, poultry, and now fish, use 
grains which humans can consume. 

Traditionally, after the milling of their grain, the rice bran was 
returned to the farmers and was used as a nutritious feed supple- 
ment for cows and buffaloes. Now, an edible oil is extracted from 
itand the de-oiled cake exported. The bran is, of course, no longer 
returned to the farmers, having been turned into a “valuable 
commodity”, for which they have to pay an enhanced price when 
itis used in compound feeds. 

The destruction of the village ghanis, the export of oilcakes 
and the reduction of animal feed caused by them have been 
discussed in a previous chapter. There are other conflicting de- 
mands. Farmers prefer to use undecorticated cottonseed cake to 
decorticated cake. The oil industry would prefer that they use the 
latter since they get more oil (16.5%) compared to 11% from 
undecorticated, giving them an additional 2.5 lakh tonnes of oil” 
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But, of course the cattle and the farmers would lose out in the 
process. 

Much edibleand non-edible fish is also used for compounding 
livestock and prawn feed. More land which is at present used for 
growing food crops will have to be switched over to fodder crops 
if milk and meat production is promoted. Crop residues which 
provided much forage are also being diverted to the paper indus- 
try and for other uses. 

Pasture and forest land has been converted to crop land 
because of the need for food and cash crops and for social 
forestry. This has serious effects on cattle fodder, particularly 
for small farmers and the landless who cannot grow their own 
fodder. The pastures have been damaged by several exotic weed 
species. 

The enclosure of the forests reduces available grazing land, 
with what remains naturally being overgrazed. The farmers are 
then blamed for maintaining too many cattle for the degraded 
pastures to support. But such damage occurs only because of the 
demand for meat and milk by urban populations and for export. 
Only a reduction in cattle kept for meat and milk production will 
release fodder for draught cattle. 

Stall feeding instead of free grazing is widely promoted. Stall 
feeding is said toincrease the output of pasture grass considerably, 
giving a rise in the earrying capacity of grazing land. Stall feeding 
permits a second crop to be grown (and second crops need to be 
grown wherever possible) where fields donot have hedges tokeep 
out grazing animals. Also, more dung and urine can be collected 
and used for fertilizing crops. Butas these would normally fertilize 
the pasture land, the output of grass, though initially increased, 
may drop with time unless deep-rooted leguminous trees are 
planted in the pasturesto ensure continuing fertility. Pasturesneed 
animals to grow ina healthy manner. Stall feeding requires extra 
labour for cutting and transporting fodder. This is particularly 
important to impoverished farmers who cannot afford to hire 
labour. Stall feeding also deprives those who do not own cattle 
from obtaining free dung. 

There areotherargumentsagainst stall feeding. Traditionally, 
farmers said that stall fed cattle did not get the exercise they 
needed to keep them healthy.’ Draught bulls in particular, were 
only worked for a few months of the year. Animals, including 
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pouliry, have been found to be more susceptible to disease when 
intensively maintained. However, an understanding, that other 
creatures are of equal value as human beings should inhibit 
farmers from using factory farming methods. 

Free ranging helps in the continuous fertilization of the very 
pastures which feed the animals. In any case, cattle graze during 
the day, and are kept in their stables at night, when much of the 
manureis dropped. However, in stalls, the urineis usually wasted, 
particularly as the nitrogen in urine is easily volatilized. Though 
straw, paddy husk, groundnut shells, dried leaves and other 
bedding can be used to catch urine in stalls, urine serves other 
purposes in fields in addition to fertilization. The increase in soil 
surface pH from5.5 (control plots) to 6.8 (urine patches), measured 
7 weeks after urine was applied, may have decreased toxic alumi- 
num and increased phosphorus availability to millet? Urine often 
provides as much nutrient as the solid manure, Even if dung is 
collected from grazing land, some, together with urine, remains to 
fertilize it. Tying the cattle in the fields in the night makes stall 
feeding for improving the manure collection unnecessary, unless 
it is being used for producing biogas first. 

There are otheradvantages with free browsing on trees. Acacia 
trees havesmall quantities of tannins, too low toharmcattle under 
normalconditions, butthe content increasesrapidly when browsed, 
particularly under drought conditions. The browsed tree emits 
ethylene which signals ncighbouring trees up to 50 m downwind 
to increase their leaf tannin content within 30 minutes of being 
“warned”, The more frequently a tree is browsed on, the more 
tannin it produces. Tannin inactivates the liver enzymes, and with 
too much ingested the animals die in about two weeks.’° It is 
probable that many forage species use the same mechanism as a 
defence against herbivores. This forces the animal to browse over 
large areas, preventing overbrowsing of a few conveniently lo- 
cated trees. The increased tannins probably also prevent insects 
from eating the leaves, resulting in more fodder ultimately avail- 
able. Farmers lopping trees cannot sense the tannin levels which 
means that the nutritional value of lopped fodder could be re- 
duced, particularly since farmers prefer to stripa few trees close by 
to save labour. 

Trampling, rubbing and selective grazing by animals has a 
decisive and positive impact on the viability of plantcommunities. 
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Grasses have been found to grow better when cattle grazeon them 
than when cut, since their saliva contains growth-promoting 
substances.” Some grasses need tobe trod on otherwise they donot 
produce well.” Also, without grazing, unpalatable grasses and 
weeds may dominate and reduce the plant diversity, ruining them 
in the long run. Short intensive grazing and “hoof ploughing” can 
stimulate plant growth. 

Animals prefer the taste, and probably thenutrition, of pasture 
that has been treated with dung to that which hasbeen treated with 
synthetic fertilizers, There is also the possibility that cattle get 
special nutrient needs from other herbs, such as protein from takla 
seeds, while grazing. Since these are not collected and fed to cattle 
in stalls, they need to he given expensive concentrates. 

Moreover, there is nothing inherent in stall feeding to prevent 
degradation of the pastures and overlopping of trees. Large farm- 
ers can still employ others to cut and collect for them. 

Perhaps, until the pros and cons of cattle grazing are studied 
further, it may be advisable to control cattle to some extent, 
particularly in badly deforested areas, but not to keep them out 
entirely. Social fencing, can be introduced and/or grazing can be 
rotated in parts of the pastures, soas toallow proper regeneration. 
The carrying capacity can be increased by about 50% in such 
cases." 

The export of fodder from rural areas to feed dairy animals in 
cities furtherdeprivesrural draughtanimals of theirrequirements, 
asis happening inthe north Konkanarea. The ideal would be touse 
the available rich fodder for breeding more bulls, but since the 
grass income is obtained every year while the calves take several 
years to grow to working age, the farmers will need financial help 
toreplace the annual income they are accustomed to earn. Retain- 
ing the grass in the area will also increase the quantity of cowdung 
available for fertilizer use. 

Traditionally, farmers maintained a certain proportion be- 
tween the land used for cultivation and that kept for grazing. 
Switching grazing land to food cultivation often resulted in a 
decrease of food availability, mainly due to a loss of manures. 
Much of the pasture was lost because of the enclosure of the forests 
by the British. Farmers were alsocompelled to use grazing land for 
cash crops in order to pay the high taxes the British levied on 
grazing land." 
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Re-Integrated Systems 

Because of the need to grow more food, land should not be used for 
growing fodder crops. Fodder will then have to come from crop 
residues, pastures and forests, as it did earlier. Herbivores have 
traditionally been maintained so that they do not compete with 
human beings for the limited edible grains that are available. 

Cattle, being ruminants, arc ideal for integration intoa farming 
system. They can use feeds that humans cannot consume: grasses 
growing on non-cultivable lands, leaves, stalks, stems, stubble in 
the field after harvesting and grain residues like chaff. Such feed 
plusa little oilcake— recommended long agoin the Arthashastra® 
— was quickly recycled into manure, The conversion of crop 
straws by animals to nutrients usable by crops occurs in about 3 
days, compared to the months required for them to decompose 
directly.” Further, organic matter has to decompose at the right 
time to suit the crops. Manure decomposes fast, while straw 
initially immobilizes soil nitrogen, causing a deficiency in the soil 
just when the crop is growing most rapidly. Increasing the rate of 
recycling, in effect, increases the quantity of manure available for 
use. This makes a large contribution to sustainability. 

‘A mix of animal species is beneficial to pasture commons as 
well as to individual farmers. Different species of plants are 
selectively grazed by each type, with a smaller possibility of 
overgrazing of a particular species. The advantages of owning a 
diversity of animal species is that all will not be attacked by a 
isease at the same time. This is of particular importance to small 
farmers. 

Livestock are growing assets which are sold when crops fail, 
or when cash is required for expenditures on illness, celebrations 
of weddings, or the purchase of other assets such as land, houses, 
pumps, and so on. Having a range of species from poultry and 
goats to cattle, allows varying amounts of cash to be realized. In 
studies it has been found that even a single laying hen, helps poor 
farmers tide over difficult periods.’ Moreover, when they have 
extra income from crops or labour, they reinvest in livestock, 
according to how much they have saved. 


Making farming more sustainable requires using more bulls 
and buffaloes. The advantage of bulls is that, being smaller 
animals, they require less food and if one dies, the loss to the 
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farmer is smaller. Buffaloes are used instead of bullocks only 
when their greater strength is needed, especially for short runs. 
Donkeys, and elephants are still employed for light and very 
heavy loads, respectively. Camels are used in arid regions. Pigs 
have the advantage of feeding on a wide range of crop and village 
wastes as well as on plants and tubers on wastelands, recycling 
them fast. 

Prior to theenclosure of the forests, during periodsof drought, 

cattle were taken to the forests for grazing. Now, provision for 
animal fodder in years of droughtis essential. Some compensation 
for a loss in grazing is obtained by the harvesting of, for instance, 
immature sorghum crops for cattle feed, when the rains fail, since 
they would not yield a grain harvest, anyway. However, in dry 
periods, the sorghum becomes toxic to cattle. If farmers do not get 
sufficient fodder, theyare forced tosell theircattleatdistress prices 
or to see them die, and to hire a tractor to do their ploughing in the 
following year. 
s total livestock population is estimated to be around 
400 million. At least 100 million ha of good pasture land is re- 
quired to maintain them, yet our permanent pastures do not 
exceed 12.4 million ha.’* With only about 80 million being draught 
animals, thereis little doubt that the numbers maintained for meat 
and milk need to be reduced with the pastures simultaneously 
improved. 

More draught bulls are needed urgently to replace those lost 
by drought and to replace tractors. The animals were traditionally 
bred for their ability to stand local conditions, for docility and 
intelligence in obeying farmer's commands. Traditional breeds of 
cattle were naturally adapted to the climate, local forages and 
water availability of the regions. Zebus, for instance, can survive 
if watered only every third day in dry areas. This conserves water 
and also encourages them to range wider, so restricting their fod- 
der intake when grassis scarce and helping preventerosionaround 
watering holes. Although cows lose condition and their calves 
receive less milk, any differences between year old steers fromdry 
and well-watered herdssoon disappear once water becomes freely 
available. There is no difference in the number of calves born, nor 
inthe weightof calves at birth.” Traditional breeds have extra skin 
area for increased heat tolerance, light skin colour for comfort in 
sunlight and long ears and tails to keep away the insects.” 
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While traditional breeds are not being given enough attention 

here, they are being used in other countries to improve the local 
breeds there, mainly for disease resistance. Crossing Indian 
breeds with European ones, on the other hand, makes ours more 
disease-prone. Indian breeds like Gir and Sahiwal are amongst the 
hardiest of high-yielders in the world. Sahiwal and Sindhi cattle, 
s,00d for beef and milk, have been imported into Kenya forcrossing, 
there. The Hallikar cows of south India are poor milkers, but the 
bullocks are excellent draught animals for ploughing and other 
tied work while at the same time capable of pulling carts 50 to 60 
km in aday2 

Traditionally, in nearly all villages, a few professional breed- 
ers, like Rabaris and Bharavads, were found.” Where they exist, 
the traditional breeders should be encouraged to continue or go 
back tousing their specialist knowledgeand skills. Legalizing their 
rights of passage and the right to their home grounds is also 
required. Technology is inseparably connected with the skills of 
the people who use it, and it is possible that the greater loss may 
not just be the unavailability of draughtanimals as the loss of skills 
in breeding, maintaining and using them. 

In addition to breeding animals, nomadic herders helped 
fertilize fields and carried goods. With their displacement by 
railways and road transport, many of the Vanjaras, for instance, 
took to settled agriculture, putting more pressure on the limited 
land area. 

Afterthe rains, Dhangars trayel along defined routes to which. 
each group restricts itself by custom. A group would have about 
100 sheep and goats or less cattle. The animals graze along road- 
sides and are invited by farmers whoare eager toget their manures 
and pay for them. Theanimalsarecontrolled in the field by a special 
breed of dogs developed by the Dhangars. 

The milk obtained, if extra, is turned into ghee for home 
consumption or for sale. Most of the male animals, except those 
retained forbreeding, are sold while on their return journey totheir 
home village, since they make no attempt to continuously increase 
their herd size. Old animals are also sold for meat and skins. Such 
sales are not because they need the income immediately for 
subsistence. Recently, two families took one million rupees, 
wrapped in a red turban (dyed with al as protection against 
termites?), for deposition in a bank. 
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Thenomad’s home villages are usually in dry areas but where 
the rains bring plenty of grass for local cattle of non-nomads, too. 
By moving oat of the village after the rains, the nomads leave the 
fodder for the local cattle to graze on. There is no excessive grazing 
onthe routesof their travels since they arealways on the move and 
they fertilize the lands they graze on. 

For the Bharavad herders of Rajkot, Gujarat, sheep provide 
income from sales of animals for meat and from wool, milk and 
dung. Intheirhome villages, theanimalsare folded in corals fenced 
with live cactus, and designed for easy dung collection. To maxi- 
mize dung collection, the animals are taken out for grazing be- 
tween 10 AM and 6 PM only. Dung is sold to farmers and is their 
main source of income. Two hundred animals provide about a 
cartload of dung (100 kg), which is exchanged for a cartload of 
baled millet or wheat straw. This is insufficient to feed their herds, 
the remainder of their diet having to come from the village 
commons, or other means* 

About half of the farmers who used the dung found it to be 
cheaper than synthetic fertilizers while giving, the same annual 
return. The rest believed that it was more expensive than synthet- 
ics, but valued it because ofits ability to promote good soil texture 
in local clays. The main disadvantage they saw was that the dung, 
brought in weed seeds, but these could, perhaps, be killed by 
composting.® 

In this region, most of the pasture commons was distributed 
among landless villagers during, land reforms in the 1950s, 
leaving only grazing in river floodplains, along roadsides and 
in hedges. The Bharavads, therefore, have also to work to carn 
cash or fodder. The removal of fertilizer subsidies will increase 
the value and income for the herders, but there is urgent need 
to restore the commons so that the manure available will 
increase. 

Some of the nomadic herders have taken to settled agriculture 
with a consequent loss of fertilizers to farmers all along their 
traditional routes. The pastures in the settled area then get over- 
grazed while those in the distant regions may be wasted. They are 
also being discouraged by “modern” farmers who enclose their 
land and prevent them from following their traditional routes and 
by increasing traffic on roads. The grazing lands available to them 
are steadily shrinking, with their grazing rights reduced or their 
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entry prohibited. The establishmentof national parks and wildlife 
reserves from which they are forcefully excluded has added to 
their problems, Nomads also give up their traditional way of life 
when they are formally educated. 


There are however, limits to the number of livestock that can 
be maintained in a sustainable manner. Only if there is surplus 
grazing, can meat or milk animals be kept. But it is doubtful 
whether this rule will be followed until mineral oil runs out. 

Traditionally, rulers fixed the ratios of grazing to cultivated 
land, withratios varying from 1:4 to 1:10, dependingon the region. 
Control over thenumber of animals maintained by big farmers, can 
bekept by limiting them to thenumber required for the cultivation 
of the land held. This would not, of course, apply to nomadic 
herders or breeders. 

A solution to the problemof increasing milk production would 
be to feed local cowsa little concentrate and try and upgrade them 
using indigenous breeds. Two investigators found that “one kilo- 
ysram of concentrates given to a low-yielding buffalo returns more 
milk than if given to a high-yielding milk colony buffalo” * 

Excess milk in a village is easily made into ghee, which can be 
stored for long periods without refrigeration. Lumps of gur were 
placed asa preservative at the bottom of vessels while storing ghee 
in them.” Butter —an alien product — requires cooling and hence 
its production and use here is not sustainable. 

Cowdung has many usesin addition to its most important one 
ol manure; next in importance being its use as a domestic fuel. 
Mixed with mud and rice husk it 1s used to windproof and 
waterproof the reed walls of rural homes. Since floors surfaced 
with cowdung absorb spilled water without getting soggy, they 
providea good surface for homes and threshing floors. Cowdung, 
provides an insect-proof coating for grain storage bins of bamboo, 
reeds or grass. It is used as a fuel for those who need a slow and 
uniform, low heat, such as potters and other village artisans. 

‘Traditional livestock care required the prevention of disease 
where possible, and if not, its diagnoses and cure with the appro- 
priate herbal or other remedies. Most farmers still treat their 
animals with herbal remedies. A large number of plant species are 
used for diseases ranging from foot-and-mouth disease of cattle to 
ranikhet of poultry. Finger millet is fed to cattle which become 
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weak due to excessive illness. The bark of the Indian coral tree is 
considered a good medicine for worms in cattle. Powdered bark of 
kurchior the crushed seeds of vagh nakri (devil's claw) is given to 
poultry suffering from diarrhoea. The juice of the banana pseudo- 
stem is given to animals suffering from urinary problems. And 
many more.* 

There is need for improvement in the pastures, Pastures need 
to cover large areas, since cattle should move out of grazed areas 
toallow them to regenerate before being grazed again. Oncemore, 
theenclosureof the forest commons adds to pasture degeneration. 
Responsibility for the management of the commons needs to be 
restored to the local communitics. 

‘The removal of non-edible shrubs, such as congress gavat, 
from degraded pastures, improves forage production, inaddition 
to reducing the risk of cattle being poisoned and herders getting 
allergics. 

The burning of forest lands is condemned since it prevents 
most trees from growing up in the burnt areas, but burning is 
carried out precisely for this purpose and also because the new 
crop of tender grass comes up faster with the first rains. Several 
species of shrubs and trees do come up and survive this process, 
but they are usually cut down when the grass is harvested. 
Herbaceous plants tend to absorb nutrients more rapidly and 
recycle them faster than do woody plants. Consequently, the 
grasses that dominate a burned area accumulate nutrients rap- 
idly” 

Palatability of the fodder is important because livestock must 
eat the forage to benefit from its nutritional content. Many of the 
coarse grasses and straws of crops are wasted only because cattle 
do notrelish them. These were traditionally sprinkled withsaltand 
gur water to make them more palatable. 

Pasturescould be improved by planting nitrogen-fixing herbs, 
shrubs and trees in them. Forage trees continue to flourish during 
the dry season when grasses have dried out and been consumed. 
They are often rich in vitamins and minerals, providing a more 
balanced diet. The leaf fodder of some trees is almost as nutritious 
as that of leguminous fodder crops, the former producing asmuch, 
if not more, green fodder per unit area as the latter.» Fodder trees 
provide shade to livestock, enabling the animals to graze during 
the heat of theday. Thetrees traditionally used were multipurpose, 
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providing food, fuel, timber, medicines and other necessities. Leaf 
fall, provides nitrogen as well as humus for the soil. In addition to 
grass, other forage herbs grow in the shade of the trees. 

Traditionally, babul and other Acacia species were the most 
popular. Babul is also medicinal and provides tannins. Goats eat 
the pods of babul, and the seeds, passing with their droppings, are 
spread widely, pre-packaged with fertilizer. Babul was also tradi- 
tionally grown in cropped fields and roadsides. While in earlier 
times, the trees would be carefully lopped for fodder, now they are 
being carelessly pruned to such an extent that the trees are dying. 
Babul grows fairly fast in moist areas but slowly in arid ones, and 
is not grazed upon by cattle — though by goats — when young. 

Fodder trees in pastures have other advantages. In Africa, 
Acacia tortilis has a deep root system and an umbrella canopy, 
while Adansonia digitata, is shallow-rooting, deciduous, and not 
anitrogen-fixing tree, But with both trees, thegrass species outside 
and beneath the canopy differ, with the species beneath the canopy 
yielding more than those outside it. The change between grass 
species is very abrupt and coincides with the extent of the tree 
canopy. In spite of a considerable amount of study, researchers 
have not yet been able to answer why this occurs. There were an 
average of 16 bird’s nests in each of the trees, which might have 
birds’ been a valuable source of nutrients for the understorey 
yrasses. However, it cannot be assumed that because one tree has 
better grass prowth underneathit, adding more trees would result 
in better grass growth over a larger area." 

While much of the beneficial effects of trees on grasses can be 
attributed to nutrient redistribution, leaf drop and nitrogen fixa- 
tion, it has also been suggested that the rate of soil nitrogen 
mineralizationisstimulated by shade. Notonly were herbage yield 
and nitrogen content greater for the pasture under shade than in 
the sun, but nitrate concentration was also markedly higher in the 
shaded soil. The soil was naturally cooler in the shade and this 
enabled more effective microbial activity in organic matter break- 
downand theconsequent release of more mineralized nitrogen for 
ras growth. 

Notalltreesaresuitable,in particular those that produce dense 
shade, with spreading crowns suchas cashew, or shrubs with low, 
spreading branches. Certain species inhibit the growth of other 
plants, either through root systems that compete for nutrients or 
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through the release of phy totoxic chemicals that prevent or inhibit 
the growth of seedlings of the same species, so that itisimpossible 
to prow two trees of the same species next to each other. Trees 
producing phytotoxins may inhibit the growth of some oral! other 
species. 

Quicker, but temporary, results can be obtained with, for 
instance, Sesbania species. They provide good fodder, arenitrogen 
fixers and grow over 3 metres in one monsoon in good rainfall 
regions. They grow through grass or weeds, producing a very light 
shade. They are good for green manure. Stems of theannual species 
can be harvested by November, thus giving a quick fuel crop. 
Sesbania species grow fast initially and so quickly get out of reach 
of grazing animals, not so subabul. 

Several combinations of grasses and Icgume shrubs and trees 
have been experimented with in different areas, with intercrop- 
ping, alley cropping and so on, in various environmental zones. 
Large increases in carrying capacity have been reported in most 
cases. Some of the plants also provide fuel and other products. 
However, many of the species introduced are exotic, while it has 
been observed that local weedy grasses are as good as the new 
fodder grasses as far as fodder output is concerned and they have 
survived for centuries. 

The problems in arid regions are different. In these areas, 
rainfall varies considerably from year to year. In good years, 
farmers can getall their fodder from nearby pastures, In bad, they 
have to range much further and use the leaves of trees such as 
khejri. But such ranging is being prevented by other farming 
communities, and also by canals which have no provisions for 
animal crossing. 

Inlow rainfall (less than300 mm per year)regionsin Rajasthan, 
agricultural activities are limited to pastoral systems, with tree 
farming and livestock raising being complementary." 

In addition to fodder, cattle alsoneed good, clean water. In the 
Thar desert, water is harvested in depressions in the soil, 
natural or dug up, called tobas. These are mainly located several 
kilometres from the village. With the onset of the monsoon, the 
families and the animals move to the tobas. This system allows 
dispersal of livestock during the short wet season, preventing, 
overgrazing in the areas around the tobas as well as near the 
village.® 
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Itis also claimed that old, unproductive cattle area burdenon 
the environment, and farmers are encouraged to sell these off to 
urban butchers. Some farmers, however, believe that theiranimals 
have a right to live out their full lives after serving, humanity so 
well. The oxen were not used as beasts or machines, but treated as 
fellow creatures. Moreover, by sending old animals to slaughter 
houses, local people who specializein flaying, tanning and leather 
workaredeprivedof their livelihood and farmers have to pay more 
foressential needsof leather water buckets, harnesses, sandalsand 
other items and animal bones for fertilizer. 

Without livestock, the recycling of nutrients would be much 
slower, the cultivation of crops would tend to be more inefficiently 
done and the sustainable productivity from a given area of land 
less. 


Chapter 16 


The Transition to Sustainability 


The future of Indian agriculture looks bleak. There are just too 
many unsustainable factors which may reach crisis points, 
possibly simultancously, possibly soon. The ultimate damage 
would depend on whether precautionary measures are taken 
immediately to move to a more sustainable position or whether 
“business as usual” leads to an even worse situation before col- 
lapse. 

Theoccurrence of external factors which will forceustoreduce 
our use of fossil fuels, for instance, could be either gradual or 
sudden. Oil and natural gas reserves are already getting exhaust- 
ed, though they may take decades to be completely depleted. First, 
theiruse as fuel would be restricted, then their use asraw materials 
for petrochemicals. The removal of subsidies on energy, fertilizers 
and pesticides, again already in progress, could be completed ina 
few years, causing arise in prices which would force many farmers 
togive up the use of tractors and synthetic chemicals. But political 


upsets in oil-producing countries, triggered by internal or external 
forces, could be sudden. 

Global warming is now an established fact. Atmospheric and. 
ocean temperatures and ocean levels have already risen. The 
expected further rise may be gradual, with a rise of about 1 degree 
Cina few decades—unless positive feedback processes take over, 
in which case it could be sudden. Erratic weather conditions could 
occur much faster and could well be occurring now. 

Most of the ancient “civilizations” have collapsed suddenly. 
The Western system, though extremely complex and claiming tobe 
technologically sophisticated, is highly dependent on the avail- 
ability of a few non-renewable raw materials. Pulling out just this 
one thread from the intricate Western web, would unravel it 
totally. 
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Prudence and the precautionary principle, therefore, require 
thataction bebegun immediately onsustainablesubstitutes, rather 
than wait for catastrophes to occur. 

One of the Western cultural factors that militates against 
sustainability is the reductionist attitude that permeates official 
thinking. One department recommends the export of more meat 
while another bemoans thefact that pastures are beingovergrazed. 
One department wants more exports of food, while the other 
points out that people are starving. With imposed liberalization, 
cach governmentdepartment, each industry, each businessperson, 
in fact, works independently of the other, with no policy con- 
straints determined by sustainability or justice at all. Each pro- 
motes its own interests without in the least bothering about what 
itdoes to other specialities or to agriculture asa whole. There is no 
overall comprehensive policy that gives priority tonecessities over 
luxuries, or to sustainability over immediate profits. 

The plobalization of agriculture can only make the imbalance 
worse, as food is exported and pricesof what’ sleft rise, and as food 
is imported from countries where agriculture is highly subsidized 
and so on. 

On the other hand, while thereare lobbies to promote synthetic 
fertilizers and pesticides and many other unsustainable practices, 
there areno official ones to promote sustainable farming, with only 
a few scattered agricultural scientists and several NGOs working 
on this. 

Sustainable solutions cannot, therefore, be expected from 
governmental, economic or even Westernized agricultural institu- 
tions. 

Without changing thestructures of power, little improvement 
can take place. But how can these be changed when they have 
become globally powerful and all-pervading? The problem is that 
attempts to fight the structures using the means that those struc- 
tures have themselves built up leads to frustration. Protestations 
against the wrong policies do not help since the dominating are 
naturally determined to retain their power. One cannot use the 
democraticsystem for bringing aboutchange, since the democratic 
system is so corrupt that one can be elected only by becoming 
corrupt oneself, hardly a way of improving conditions. Working 
through the formal education system is similarly difficult, since it 
leaves no space for significant dialogue or alternative studies. 
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Many concerned people give up struggling against the system 
at this point since they believe that as powerless individuals they 
cannot win. However, while one cannot change the structures by 
using the institutions set up by the structures themselves, one can 
work in the small spaces still available. 

Farmers can refuse to purchase harmful syntheticagrochemi- 
cals. If a sufficient number do so, the manufacturers of those 
products will soon have toclose down, or at least stop distributing. 
them in that area. Consumers can stop using products made by 
unsustainable means, resulting in similar effects. Therearc numer- 
ous such opportunities available to individuals. While the indi- 
vidual may have no power to change the structures from within, 
everyone has the power to buy or not tobuy. Thisis the only power 
that the unjuststructures have left to individual citizens. No police 
force or army can force a person to consume what she or he does 
not wish to consume. 

In this way a transition from an unsustainable toa sustainable 
system canbe introduced slowly, with little harm and dislocation. 
Itisnotof much use to make a long list of steps to be taken for such 
a journey since each individual starts froma different state and can 
work out the path s/he can most easily take. One helpful step that 
would save a lot of re-inventing would be to study traditional 
systems. 

What has been presented in this book is only a micro-fraction 
of the knowledge that is available in old manuscripts and books 
and in the memories of those farmers whostill practise sustainable 
agriculture. Rather than merely collecting such knowledge and 
recording it, it is far more important to preserve the culture that 
supports them, in their practice and in their continuing innovation 
as they keep up with changing environmental and social condi- 
tions. 

Ultimately, farmersand therest of society, will have todevelop 
asset of just values that will also solve the social problems that exist 
today. This requires the countering of Western culture, and the 
promotion of traditional cultures which values each creature for 
itself. 


India’s philosophy sees time as cyclic, not linear, with cycles 
within cycles. One cycle, the Chatur Yuga, is said to consist of four 
sub-cycles. It begins with the Krita Yuga, followed by the Treta 
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Yuga, the Dvapara Yuga and the Kali Yuga.' In the Krita Yuga, 
human beingsare in harmony with all other creatures, evenable to 
communicate with each other. But the situation gets progressively 
worse in the succeeding yugas. Weare now in the Kali Yuga. This 
decline is represented by a bull standing on four legs in the Krita 
Yuga, on threein the Treta, on two in the Dvapara and onone only 
in the Kali Yuga. 

This may seem absurd to the Westernized since they see 
themselves as progressing rapidly through the use of their science 
and technology. But the allegory strikingly illustrates the corre- 
sponding degradation of environmental, economic and political 
conditions, the descent of man. Today, the situation is so unstable 
that the slightest push could make it collapse. Such a nudge could 
come from the increasing intensity of already existing stresses, or 
from an unseen agent or catalyst waiting in the wings. 

One redeeming feature of the Kali Yuga is that the situation is 
so bad that corrective actions are easy to take and everyone is 
capable of making them. 

A move towards traditional, sustainable agriculture and in- 
dustry would be a major such reform. 

‘The question is, can we set the bull back gently on its four feet 
by timely action or will we be so slothful as to let it collapse 
completely? 


The choice is ours. 


